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(57)Abstract: " 

PURPOSE: To provide unoptical semicondubtor device and an optical integrated 
circuit device such as a semiconductor li^t-emitting device' and a semiconductor 
photoelectric conversion device with multi-emitter bipolar transistor structure. > 
CONSTITUTION: A semiconductor light-emitting device consists of a collector region jferji 
1 , a base region 2 where no electrode is led externally, two ore more emitter regions 
31, 32,..;, a collector electrode;4, and emitter electrodes 51, 52,;... and light ;is. emitted; 
by the. recombination of electrons and positive holes in the junction regipn. between 
two or more emitter and base regions by . app emitter 
regions.. A semiconductor photoelectric conyer-sion device is in the simijar s^ctLire 
and current flowing among two or more emitter regions is controlled by applying an 
energy which is equal to or more than the energy gap of the prohibition band at the 
base region. In an optical integrated circuit device, these optical semiconductor 
devices or semiconductor amplification devices are formed on a same' substrate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the bipolar transistor structure which consists of a collector field, a base region which does 
not pull out an electrode outside, and two emitter regions or more — having — this — impressing an 
electrical potential difference between two or more emitter regions — this — the semi-conductor 
luminescence equipment characterized by making light emit by the recombination of the electron in the 
junction field of two or more emitter regions and these base regions, and an electron hole. 
[Claim 2] the bipolar transistor structure which consists of a collector field, a base region which does 
not pull out an electrode outside, and two emitter regions or more — having — this collector field — 
this — the band gap of two or more emitter regions — the band gap of this base region — large — 
carrying out — this — impressing an electrical potential difference between two or more emitter regions 
— this — the semi-conductor luminescence equipment characterized by making light emit by the 
recombination of the electron in the junction field of two or more emitter regions and these base regions, 
and an electron hole. 

[Claim 3] irradiating the light which has the bipolar transistor structure which consists of a collector 
field, a base region which does not pull out an electrode outside, and two emitter regions or more, and 
has the energy beyond the energy gap of the forbidden band of this base region — this — the semi- 
conductor photo-electric-conversion equipment characterized by controlling the current which flows 
between two or more emitter regions. 

[Claim 4] irradiating the light which has the bipolar transistor structure which consists of a collector 
field, a base region which does not pull out an electrode outside, and two emitter regions or more, and 
has the energy beyond the energy gap of the forbidden band of this base region — thi^ — the semi- 
conductor photo-electric-conversion equipment characterized by controlling the current which flows 
between any one piece or the plurality of two or more emitter regions, and this collector field. 
[Claim 5] the bipolar transistor structure which consists of a collector field, a base region which does 
not pull out an electrode outside, and two emitter regions or more — having — this — the semi- 
conductor photo-electric-conversion equipment characterized by forming a dummy base electrode on 
the base region between two or more emitter regions. 

[Claim 6] Semi-conductor photo-electric-conversion equipment indicated by claim 5 characterized by 
having the property that a dummy base electrode penetrates the light of specific wavelength. 
[Claim 7] the bipolar transistor structure which consists of a collector field, a base region which does 
not pull out an electrode outside, and two emitter regions or more — having — this — the semi- 
conductor photo-electric-conversion equipment characterized by forming the emitter electrode which 
has the property which penetrates the light of specific wavelength on at least one of the two or more 
emitter regions. 

[Claim 8] the bipolar transistor structure which consists of a collector field, a base region which does 
not pull out an electrode outside, and two emitter regions or more — having — this — the semi- 
conductor photo-electric-conversion equipment characterized by not having an emitter electrode on at 
least one of the two or more emitter regions. 

[Claim 9] irradiating the light which it has the bipolar transistor structure which consists of a collector 
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field, a base region which does not pull out an electrode outside, and two emitter regions or more, and 
this collector field is divided into two or more fields, and has the energy beyond the energy gap of the 
forbidden band of this base region — this — the current which flows between two or more emitter 
regions — or — this — the semi-conductor photo-electric-conversion equipment characterized by to 
control the current which flows between two or more collector fields. 

[Claim 10] Semi-conductor photo-electric-conversion equipment indicated by any 1 term from claim 3 
characterized by forming a Fabry-Perot resonator in the field which prepares the reflective film in the 
outside of a collector field, and includes this base region to claim 9. 

[Claim 1 1] semi-conductor photo electric conversion equipment indicated by any 1 term from claim 3 
characterize by make an electron tunnel in the valence band of a base region from the conduction band 
of an emitter region , and promote neutralization of the superfluous majority carrier in a base region to 
claim 10 by have the bipolar transistor structure which consist of a collector field , a base region which 
do not pull out an electrode outside , and two emitter regions or more , and dope the impurity more than 
an effective density of states to this emitter region and this base region . 

[Claim 12] Semi-conductor photo-electric-conversion equipment indicated by any 1 term from claim 3 
characterized by improving sensibility by impressing the potential difference below a threshold 
beforehand between two or more emitter regions to claim 11. 

[Claim 13] Semi-conductor photo-electric-conversion equipment characterized by promoting 
neutralization of the superfluous majority carrier which the valence band of a base region was made to 
tunnel an electron from the conduction band of an emitter region, and was generated by the optical 
exposure in bipolar transistor structure by doping the impurity more than an effective density of states 
to an emitter region and a base region. 

[Claim 14] Semi-conductor optical switch equipment characterized by controlling the semi-conductor 

photo-electric-conversion equipment indicated by any 1 term from claim 3 to claim 13 by light emitted 

from the semi-conductor luminescence equipment indicated by claim 1 or claim 2. 

[Claim 15] one or more semi-conductor luminescence equipments indicated by claim 1 or claim 2 and 

the semi-conductor photo-electric— conversion equipment indicated by any 1 term from claim 3 to claim 

13 — a substrate top — arranging — this — the light which one or more semi-conductor luminescence 

equipments emit — this — the semi-conductor opticaHntegrated-circuit equipment characterized by 

controlling one or more semi-conductor photo-electric-conversion equipments. 

[Claim 16] Semi-conductor optical-integrate^ characterized ; by:forr^ 

more and the semi-conductor amplifying device of the semi-conductor luminescence equipment 

indicated by claim 1 or claim 2 and the semi-conductor photo-electric-conversion equipment indicated 

by any 1 term from claim 3 to claim 13 on the same substrate. 

[Claim 17] Semi-conductor opticaHntegrated-circuit equipment indicated by claim 15 or claim 16 
characterized by intercepting the current between semi-conductor luminescence equipment and semi- 
conductor photo-electric-conversion equipment, and making light penetrate by forming the field 
inactivated by the ion implantation between semi-conductor luminescence equipment and semi- 
conductor photo-electric-conversion equipment. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to semi-conductor luminescence equipment, semi- 
conductor photo-electric-conversion equipment and the semi-conductor optical switch equipment that 
used them, and semi-conductor optical-integrated-circuit equipment. 
[0002] 

[Description of the Prior Art] recently, densification and accelerating demand semiconductor integrated 
circuit equipment — having — **** — especially — current — the appearance of the integrated circuit 
device exceeding the property of the integrated circuit device using MOSFET of the silicon (Si) 
currently used is expected. [ many ] Although the expectation is met, in the hot electron transistor 
(HET), what has the multi-emitter (ME) structure where two or more emitters were formed is developed 
as one recently. 

[0003] Furthermore, it sets to a bipolar transistor (BT) and a heterojunction bipolar transistor (HBT) as 
a semiconductor device of the same vertical mold as HET. n mold high impurity concentration of an 
emitter is set to 2x1018cm-3 [ sufficiently higher than an electronic effective density of states (- 
5x1 01 7cm- 3) ]. In ME-HBT set to 5x1019cm-3 [ sufficiently higher than the effective density of states 
(- 1x1019cm- 3) of an electron hole ], p mold high impurity concentration of the base It became possible 
to become possible to reduce base resistance, and to be able to realize the integrated circuit device of 
the conventionally impossible multi— emitter mold at a room temperature, and to high-performance-ize. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention aims at offering optical semiconductor devices, 
such as semi-conductor luminescence equipment which has multi-emitter heterojunction bipolar 
transistor (ME-HBT) structure, and semi-conductor photo-electric-conversion equipment, especially 
the semi-conductor opticaHntegrated-circuit equipment which combined them. 
[0005] 

[Means for Solving the Problem] the bipolar transistor structure which consists of a collector field, a 
base region, which does not pull out an electrode outside, and two emitter regions or more in the semi- 
conductor luminescence equipment concerning this invention — having — this — impressing an 
electrical potential difference between two or more emitter regions — this — the configuration made to 
emit light by the recombination of the electron in the junction field of two or more emitter regions and 
these base regions and an electron hole was adopted. 

[0006] moreover, this case — this collector field — this — the band gap of two or more emitter regions 
— the band gap of this base region — large — carrying out — this — impressing an electrical potential 
difference between two or more emitter regions — this — light can be made to emit by the 
recombination of the electron in the junction field of two or more emitter regions and these base regions, 
and an electron hole 

[0007] moreover, the thing for which the light which has the bipolar transistor structure which consists 
of a collector field, a base region which does not pull out an electrode outside, and two emitter regions 
or more in the semi-conductor photo-electric-conversion equipment concerning this invention, and has 
the energy beyond the energy gap of the forbidden band of this base region is irradiated — this — the 
configuration which controls the current which flows between two or more emitter regions was adopted. 
[0008] moreover, the thing for which the light which has the bipolar transistor structure which consists 
of a collector field, a base region which does not pull out an electrode outside, and two emitter regions 
or more in other semi-conductor photo-electric-conversion equipments concerning this invention, and 
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has the energy beyond the energy gap of the forbidden band of this base region is irradiated — this — 
the configuration which controls the current which flows between either of two or more emitter regions 
or both, and this collector field adopted. 

[0009] moreover, the bipolar transistor structure which consists of a collector field, a base region which 
does not pull out an electrode outside, and two emitter regions or more in other semi-conductor photo- 
electric-conversion equipments concerning this invention — having — this — the configuration in which 
the dummy base electrode was formed on the base region between two or more emitter regions was 
adopted. In this case, the property which penetrates the light of specific wavelength can be given to a 
dummy base electrode. 

[0010] moreover, the bipolar transistor structure which consists of a collector field, a base region which 
does not pull out an electrode outside, and two emitter regions or more in other semi-conductor photo- 
electric-conversion equipments concerning this invention — having — this — the configuration in which 
the emitter electrode which has the property which penetrates the light of specific wavelength was 
formed on at least one of the two or more emitter regions was adopted. 

[001 1] moreover, the bipolar transistor structure which consists of a collector field, a base region which 
does not pull out an electrode outside, and two emitter regions or more in other semi-conductor photo- 
electric-conversion equipments concerning this invention — having — - this — the configuration which 
does not have an emitter electrode was adopted on at least one of the two or more emitter regions. 
[0012] Moreover, it sets to other semi-conductor photo-electric-conversion equipments concerning this 
invention. It has the bipolar transistor structure which consists of a collector field, a base region which 
does not pull out an electrode outside, and two emitter regions or more. By dividing this collector field 
into two or more fields, and irradiating light with the energy beyond the energy gap of the forbidden band 
of this base region this — the current which flows between two or more emitter regions — or — this — 
the configuration which controls the current which flows between two or more collector fields was 
adopted. 

[0013] In these semi-conductor photo-electric-conversion equipments, the reflective film can be 
prepared in the outside of a collector field, and a Fabry-Perot resonator can be formed in a field 
including this base region. 

[0014] Moreover, in these semi-conductor photo-electric-conversion equipments, by having the bipolar 
transistor structure which consists of a collector field, a base region which does not pull out an 
electrode outside, and two emitter regions or more, and doping the impurity more than an effective, 
density of states to this emitter region and this base region, an electron can be made to be able to 
tunnel in the valence band of a base region from the conduction band of an emitter region, and 
neutralization of the superfluous majority carrier in a base region can be promoted. 
[0015] In this case, also in the usual bipolar transistor structure, by doping the impurity more than an 
effective density of states to an emitter region and a base region, the valence band of a base region can 
be made to be able to tunnel an electron from the conduction band of an emitter region, and 
neutralization of the superfluous majority carrier generated by the optical exposure can be promoted. 
[0016] Moreover, in these semi-conductor photo-electric-conversion equipments, sensibility can be 
improved by impressing the potential difference below a threshold beforehand between two or more 

emitter regions. - - 

[0017] Moreover, in the semi-conductor optical switch equipment concerning this invention, the 
configuration which controls said one of semi-conductor photo-electric-conversion equipments by light 
emitted from said one of semi-conductor luminescence equipments was adopted. 

[001 8] moreover, the semi-conductor optical-integrated-circuit equipment concerning this invention — 
setting — one or more above semi-conductor luminescence equipment and semi-conductor photo- 
electric-conversion equipment — a substrate top — arranging — this — the light which one or more 
semi-conductor luminescence equipments emit — this — the configuration which controls one or more 
semi-conductor photo-electric-conversion equipments was adopted. 
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[0019] Moreover, in other semi-conductor opticaHntegrated-circuit equipments concerning this 
invention, any one or more of said one of semi-conductor luminescence equipments and the semi- 
conductor photo-electric-conversion equipment and the configuration in which the semi-conductor 
amplifying device was formed on the same substrate were adopted. 

[0020] The current between semi-conductor luminescence equipment and semi-conductor photo- 
electric-conversion equipment is intercepted, and light can be made to penetrate by forming the field 
inactivated by the ion implantation in these cases between semi-conductor luminescence equipment and 
semi-conductor photo-electric-conversion equipment. 
[0021] 

[Function] Drawing 1 is the principle explanatory view of the ME-HBT mold semi-conductor 
luminescence equipment of this invention. Setting to this drawing, 1 is a collector field and 2 is a base 
region and 31. The 1st emitter region and 32 The 2nd emitter region and 4 are a collector electrode and 
51. The 1st emitter electrode and 52 It is the 2nd emitter electrode. 

[0022] In the ME-HBT mold semi-conductor luminescence equipment which is to the base of this 
invention The base region 2 of the 2nd conductivity type is formed on the collector field 1 of the 1st 
conductivity type as shown in drawing 1 . The 1st emitter region 31 of the 1st conductivity type of high 
high impurity concentration [ top / this / base region 2 ] The 2nd emitter region 32 It is formed, a 
collector electrode 4 forms in the collector field 1 — having — the 1st emitter region 31 **** — the 
1st emitter electrode 51 forming — the 2nd emitter region 32 .**** — the 2nd emitter electrode 52 It is 
formed. 

[0023] In addition, the base region 2 is not pulled out outside. Moreover, the 1st emitter region 31 The 
2nd emitter region 32 On the base region 2 of a between, it is the 1st emitter region 31. The 2nd emitter 
region 32 It was left behind whether the semiconductor regions to constitute are few and it prevented a 
base region 2 receiving damage in a production process, and the surface state of a base region 2 
deteriorated under the effect of the open air after manufacture, or recombination was increased by the 
pn junction which came out to the front face, and it has prevented a component property deteriorating. 
[0024] The 1st emitter electrode 51 of the ME-HBT mold semi-conductor luminescence equipment of 
this structure The 2nd emitter electrode 52 An electrical potential difference can be impressed in 
between and optical hnu can be made to emit by pouring in an electron and an electron hole and making 
the electron and electron hole which were poured in recombine in the junction field between an emitter 

region and a base re&on. . ^ r ; v//-^- . / .;;'":•:.;•.'„.; '■■L. ■'' •■ '".*■... ■ 

[0025] Drawing 2 is the principle explanatory view of the ME-HBT mold semi-conductor photo-electric- 
conversion equipment of this invention, (A) is a sectional view and (B) is an explanatory view of 
operation. Setting to this drawing, 11 is a collector field and 12 is a base region and 131. The 1st emitter 
region and 132 The 2nd emitter region and 14 are a collector electrode and 151. The 1st emitter 
electrode and 152 It is the 2nd emitter electrode. 

[0026] In the ME-HBT mold semi-conductor photo-electric-conversion equipment which is to the base 
of this invention The base region 1 2 of the 2nd conductivity type is formed on the collector field 1 1 of 
the 1st conductivity type as shown in drawing 2 (A). The 1st emitter region 131 of the 1st conductivity 
type of high high impurity concentration [ top / this / base region 12 ] The 2nd emitter region 132 It is 
formed, a collector electrode 14 forms in the collector field 11 — having — the 1st emitter region 131 
**** — the 1st emitter electrode 151 it forms — having — the 2nd emitter region 132 **** — the 2nd 
emitter electrode 152 is formed. 

[0027] In addition, the base region 12 is not pulled out outside like the semi-conductor luminescence 
equipment of drawing 1 . Moreover, the 1st emitter region 131 The 2nd emitter region 132 On the base 
region 12 of a between, it is the 1st emitter region 131. The 2nd emitter region 132 It has prevented 
leaving behind whether the semiconductor regions to constitute are few, and preventing a base region 
12 receiving damage by the production process, and the surface state of a base region 12 deteriorating 
under the effect of the open air after manufacture. Moreover, the 1st emitter region 131 left behind to 
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the front face of a base region 12 The 2nd emitter region 132 If a band gap forms the semi-conductor 
to constitute with a large ingredient, the recombination of the electron in a base region 12 and an 
electron hole can be reduced. 

[0028] For the energy band structure when not irradiating optical hnu at the ME-HBT mold semi- 
conductor photo-electric-conversion equipment of this structure, as shown by the continuous line of 
drawing 2 (B), the bottom of the conduction band of a base region 12 and the summit of a valence band 
are the 1st emitter electrode 151. It is higher than the bottom of the conduction band of the 2nd emitter 
electrode 152, and the summit of a valence band. 

[0029] If incidence of the light which has the energy exceeding the bandgap energy Eg of a base region 
12 in this ME-HBT mold semi-conductor photo-electric-conversion equipment is carried out, an 
electron and an electron hole pair are generated by the base region 12, an electron will be divided into a 
conduction band and an electron hole will be divided into a valence band. 

[0030] The 1st emitter electrode 151 The 2nd emitter electrode 152 It is the 1st emitter electrode 151 
in the condition of not irradiating light in between. The 2nd emitter electrode 152 When the electrical 
potential difference which is extent to which a current does not flow is impressed in between, The 
summit of the valence band of a base region 12 is the 1st emitter region 131. The 2nd emitter region 
132 Since it is higher than a valence band, The bottom of the conduction band of a base region 12 and 
the summit of a valence band fall as the electron hole generated by the exposure of light is accumulated 
in a base region 12 and shown to drawing 2 (B) by the broken line. 

[0031] Therefore, the 1st emitter region (E1) 131 The obstruction between base regions (B) 12 falls, and 

it is the 1st emitter electrode 151. The 2nd emitter electrode 152 A current flows in between. The 

existence of optical hnu and strength are detectable with change of this current. 

[0032] One of the descriptions of this invention is the 2nd emitter region 132 about the superfluous 

electron hole produced all over the base region. It is that make steep descent of the collector current 

when making an electron recombine with the electron which moves to a base region 12 with the tunnel 

between bands, and intercepting optical hnu, and it carries out high-speed operation. Fundamentally, the 

above-mentioned purpose is the 2nd emitter region 132. It is attained by promoting the tunnel between 

bands by making high impurity concentration high and narrowing depletion-layer width of face of pn 

junction. 

[0033] 

[Example] Hereafter, the example of this invention is explained, 

(The 1st example) Drawing 3 is the configuration explanatory view of the semi-conductor . luminescence 
equipment of the 1st example. Setting to this drawing, 21 is a collector field and 22 is a base region and 
231. The 1st emitter region and 232 The 2nd emitter region and 24 are a collector electrode and 251. 
The 1st emitter electrode and 252 It is the 2nd emitter electrode. 

[0034] It sets to the semi-conductor luminescence equipment of this example, and is the n mold InGaAs 
(300nm in thickness). On the collector field 21 which consists of 3x1016cm-3, it is the p mold InGaAs 
(80nm in thickness). The base region 22 which consists of 5x1019cm-3 is formed, and it is the n mold 
InAIGaAs (200nm in thickness) on it. The 1st emitter region 231 which consists of 3x1018cm-3, and the 
2nd emitter region 232 It forms. The collector electrode 24 which consists of Cr/Au (20/300nm in 
thickness) is formed in the collector field 21. The 1st emitter region 231 The 1st emitter electrode 251 
which turns from Cr/Au (20/300nm in thickness) up It forms and is the 2nd emitter region 232. The 2nd 
emitter electrode 252 which consists of Cr/Au (20/300nm in thickness) upwards similarly It forms. 
[0035] In addition, it is not pulled out outside but a base region 22 is the 1st emitter region 231. The 2nd 
emitter region 232 On the base region 22 of a between, it is the 1st emitter region 231. The 2nd emitter 
region 232 It has prevented whether the semiconductor regions to constitute are few preventing a base 
region 22 receiving damage in a production process, although left behind consequently, and the surface 
state of a base region 22 deteriorating under the effect of the open air after manufacture. 
[0036] The 1st emitter electrode 251 of the semi-conductor luminescence equipment of this example 

BEST AVAILABLE C<">m» 



The 2nd emitter electrode 252 An electrical potential difference is impressed in between, an electron 
and an electron hole are poured in, and they are the 1st emitter region 231 and the 2nd emitter region 
232 about this electron and electron hole. Optical hnu can be made to emit by making it recombine in 
the junction field between base regions 22. 

[0037] The 1st emitter region 231 and the 2nd emitter region 232 When the usual HBT is high to about 5 
times and high impurity concentration is carried out, operating voltage can be lowered and they are the 
1st emitter region 231 and the 2nd emitter region 232. The recombination of the electron in the junction 
field between base regions and an electron hole is promoted, and it becomes possible to start laser 
oscillation. 

[0038] (The 2nd example) Drawing 4 is the configuration explanatory view of the semi-conductor 
luminescence equipment of the 2nd example. Setting to this drawing, 21 is a collector field and 21c. For 
the 1st emitter contact field and 23c2, the 2nd emitter contact field and 24 are [ a collector contact 
field and 22 / a base region and 23 / an emitter region and 23c1 ] a collector electrode and 251. The 
1st emitter electrode and 252 It is the 2nd emitter electrode. 

[0039] It sets to the semi-conductor luminescence equipment of this example, and is the n mold InGaAs 
(300nm in thickness). Collector contact field 21c which consists of 5x1018cm-3 Upwards The collector 
field 21 which consists of an n mold InAIAs (300nm in thickness, 1x1017cm-3) is formed. The base 
region 22 which consists of a p mold InGaAs (70nm in thickness, 5x1019cm-3) on it is formed. The 
emitter region 23 which consists of an n mold InAIAs (200nm in thickness, 3x1018cm~3) on it is formed. 
The 1st emitter contact field 23c1 and the 2nd emitter contact field 23c2 which consist of an n mold 
InGaAs (200nm in thickness, 5x1019cm~3) on it are formed. Collector contact field 21c The collector 
electrode 24 which consists of Cr/Au (20/300nm in thickness) is formed. It is the 1st emitter electrode 
251 to the 1st emitter contact field 23c1. It forms and is the 2nd emitter electrode 252 to the 2nd 
emitter contact field 23c2. It forms. 

[0040] this collector field 21, a base region 22, an emitter region 23, the 1st emitter contact field 23c1, 
and the 2nd emitter contact field 23c2 — MBE — law or MOCVD — it grows up by law and etching 
which used the etching reagent of a phosphoric-acid system performs the emitter mesa which 
separates a collector mesa and the 1st emitter contact field 23c1, and the 2nd emitter contact field 
23c2. 

[0041] Drawing 5 is the production process explanatory view of the semi-conductor luminescence 
equipment of the 2nd example, and (A) - (C) shows each process. Setting to this drawing, 20 is a semi- 
ihsulatirig substrate and 21 is a collector field and 21c. For a collector, contact layer and 22, a base 
region and 23 are an emitter region and 23c. For the 1st emitter contact field and 23c2, the 2nd emitter 
contact field and 24 are [ an emitter contact layer and 23c1 ] a collector electrode and 251. The 1st 
emitter electrode and 252 It is the 2nd emitter electrode. 

[0042] Although this process explanatory view explains the manufacture approach of the semi- 
conductor luminescence equipment of the 2nd example, the point using a semi-insulating substrate and 
the structure which forms a collector electrode differ from the configuration of the semi-conductor 
luminescence equipment of the 2nd example shown in drawing 4 . 
[0043] The 1st process (refer to drawing 5 (A)) 

the semi-insulating substrate 20 top which consists of InP — MBE — emitter contact layer 23c which 
consists of collector contact layer 21c which consists of an n mold InGaAs, the collector field 21 which 
consists of an n mold InAIAs, the base region 22 which consists of a p mold InGaAs, an emitter region 
23 which consists of an n mold InAIAs, and an n mold InGaAs by law It grows up. 
[0044] The 2nd process (refer to drawing 5 (B)) 

Emitter contact layer 23c The resist film which has opening is formed upwards, this is made into a mask, 
the etching reagent of a phosphoric-acid system is used, and it is emitter contact layer 23c. It etches 
alternatively and the emitter mesa which consists of a 1st emitter contact field 23c1 and a 2nd emitter 
contact field 23c2 is formed. 
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[0045] The 3rd process (refer to drawing 5 (C)) 

The resist film is formed in the field which is going to form semi-conductor luminescence equipment, 
this resist film is used as a mask, emitter contact layer 23c, an emitter region 23, a base region 22, and 
the collector field 21 are alternatively etched using the etching reagent of a phosphoric-acid system, 
and a collector mesa is formed. 

[0046] Exposed collector contact layer 21c The collector electrode 24 which consists of Cr/Au is 
formed, and it is the 1st emitter electrode 251 on the 1st emitter contact field 23c1. It forms and is the 
2nd emitter electrode 252 on the 2nd emitter contact field 23c2. It forms. 

[0047] In this case, if it leaves the emitter region 23 which consists of a larger n mold InAIAs than the 
band gap of a base region 22 on the base region 22 which consists of a p mold InGaAs, the generated 
light is shut up all over a base region 22, and loss of the light which spreads this base region 22 can be 
reduced. Thus, the structure on the base region 22 between the 1st emitter contact field 23c1 and the 
2nd emitter contact field 23c2 of having an emitter mesa on the whole surface mostly is realizable by 
using a ME-HBT production process. 

[0048] The 1st emitter electrode 251 of the semi-conductor luminescence equipment of this 
configuration The 2nd emitter electrode 252 An electron and an electron hole can be poured in and light 
can be made to emit by impressing an electrical potential difference in between by making this electron 
and electron hole recombine in the junction field of an emitter region 23 and a base region 22. 
[0049] In HBT which forms on the same substrate and has the same structure as this semi-conductor 
luminescence equipment according to the same process as this semi-conductor luminescence 
equipment If the collector field 21 is formed with a wide gap ingredient, the effect of lifting of the 
collector current by impact ionization in the collector field 21 can be suppressed. Moreover, by making 
the band gap of an emitter region 23 and the collector field 21 larger than a base region 22, the light 
generated all over a base region 22 is shut up two-dimensional, and the transmission loss in the inside 
of a base region 22 can be reduced. 

[0050] (The 3rd example) Drawing 6 is the configuration explanatory view of the semi-conductor 
luminescence equipment of the 3rd example. Setting to this drawing, 21 is a collector field and 22 is a 
base region and 231. The 1st emitter region and 232 The 2nd emitter region and 24 are a collector 
electrode and 251: The 1st emitter electrode and 252 The 2nd emitter electrode and 26 are dummy 
base electrodes. 

[0051] In the semiconductor luminescence equipment of this example, like the semi-conductor 
luminescence equipment shown in drawing 3 A base region 22 is formed on the collector field 21.. On it 
The 1st emitter region 231, The 2nd emitter region 232 Form and a collector electrode 24 is formed in 
the collector field 21, The 1st emitter region 231 The 1st emitter electrode 251 It forms and is the 2nd 
emitter region 232. The 2nd emitter electrode 252 It forms and is the 1st emitter region 231. The 2nd 
emitter region 232 The dummy base electrode 26 is formed on the base region 22 of a between. 
[0052] The 1st emitter electrode 251 of this semi-conductor luminescence equipment The 2nd emitter 
electrode 252 Impress an electrical potential difference in between and an electron and an electron hole 
are poured into it. They are the 1st emitter region 231 and the 2nd emitter region 232 about this 
electron and electron hole. Although optical hnu can be made to emit by making it recombine in the 
junction field of a base region 22 When the dummy base electrode 26 of protection-frorrHight nature is 
formed, this luminescent mechanism is the outpatient department light hnul. Being influenced is lost. 
[0053] In addition, it sets to the semi-conductor luminescence equipment of this example, and they are 
the dummy base electrode 26, the 1st emitter electrode 251, and the 2nd emitter electrode 252. If it 
forms with the ingredient which has the property which penetrates the light of specific wavelength or 
more for one at least, optical hnu generated through that field can be made to emit. 

[0054] (The 4th example) Drawing 7 is the configuration explanatory view of the semi-conductor photo- 
electric-conversion equipment of the 4th example. Setting to this drawing, 31 is a collector field and 32 
is a base region and 331. The 1st emitter region and 332 The 2nd emitter region and 34 are a collector 
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electrode and 351. The 1st emitter electrode and 352 It is the 2nd emitter electrode. 
[0055] In the semi-conductor photo-electric-conversion equipment of this example It is the n mold 
InGaAs (300nm in thickness) as well as the semi-conductor luminescence equipment shown in drawing 
3 . On the collector field 31 which consists of 3x1016cm-3, it is the p mold InGaAs (80nm in thickness). 
The base region 32 which consists of 5x1019cm-3 is formed, and it is the n mold InAIGaAs (200nm in 
thickness) on it. The 1st emitter region 331 which consists of 3x1018cm-3, and the 2nd emitter region 
332 It forms. The collector electrode 34 which consists of Cr/Au (20/300nm in thickness) is formed in 
the collector field 31. The 1st emitter region 331 The 1st emitter electrode 351 which turns from Cr/Au 
(20/300nm in thickness) up It forms and is the 2nd emitter region 332. The 2nd emitter electrode 352 
which consists of Cr/Au (20/300nm in thickness) upwards similarly It forms. 

[0056] In addition, it is not pulled out outside but a base region 32 is the 1st emitter region 331 and the 
2nd emitter region 332. On the base region 32 of a between, it is the 1st emitter region 331. The 2nd 
emitter region 332 It has prevented leaving behind whether the semiconductor regions to constitute are 
few, and preventing a base region 32 receiving damage by the production process, and the surface state 
of a base region 32 deteriorating under the effect of the open air after manufacture. 
[0057] If incidence of optical hnu of the wavelength exceeding the bandgap energy Eg of a base region 
32 is carried out to this semi-conductor photo-electric-conversion equipment An electron and an 
electron hole pair are generated by the base region 32, an electron is divided into a conduction band and 
an electron hole is divided into a valence band. In order that an electron hole may pile up in a base 
region 32, the bottom of a conduction band and the summit of a valence band fall. The 1st emitter 
region 331 The obstruction between base regions 32 falls and it is the 1st emitter electrode 351. The 
2nd emitter electrode 352 Since a current flows in between, the existence of light and strength are 
detectable with this current. 

[0058] In this case, the 1st emitter region 331 The 2nd emitter region 332 It receives, potential of the 
collector field 31 is made low, and an electron can be prevented from moving to the collector field 31 
side. Under the present circumstances, the electron hole of an electron and an electron hole pair 
generated to the collector field 31 by the exposure of optical hnu also flows into a base region 32, and it 
is the 1st emitter electrode 351. The 2nd emitter electrode 352 It contributes to the current which flows 
in between. 

[0059] The 1st emitter electrode 351 of the semi-conductor photo-electric-conversion equipment of 
this example The 2nd emitter electrode 352 If the potential below a threshold is impressed beforehand 
in between, the standup of the output current by the exposure of optical hriu is improvable, moreover, 
the semi-conductor photo-electric-conversion equipment of this example — setting — the 1st emitter 
region 331 The 2nd emitter region 332 The potential of the forward direction is impressed to the 
collector field 31 side, from — In the condition of enabling it to arrive an electron at the collector field 
31, and not irradiating optical hnu When an emitter current does not flow, therefore it is made for 
collector current Ic not to flow and optical hnu is irradiated, If an emitter current (base current) flows 
and it is made for collector current Ic to also flow, semi-conductor photo-electric-conversion 
equipment operates as HBT, an output is amplified and only the part of the current gain can improve the 
detection precision of light remarkably. 

[0060] Moreover, it sets in the above-mentioned example and is the 1st emitter electrode 351.- The 2nd 
emitter electrode 352 Although change of the current which flows in between detected the existence of 
light, and strength, it replaces with this, and it is the 1st emitter electrode 351. The 2nd emitter 
electrode 352 The existence of light and strength are also detectable with change of the current which 
flows between collector electrodes 34 with either or both. 

[0061] (The 5th example) Drawing 8 is the configuration explanatory view of the semi-conductor photo- 
electric-conversion equipment of the 5th example. Setting to this drawing, 31 is a collector field and 32 
is a base region and 331. The 1st emitter region and 332 The 2nd emitter region and 34 are a collector 
electrode and 351. The 1st emitter electrode and 352 The 2nd emitter electrode and 36 are dummy 
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base electrodes. 

[0062] In the semi-conductor photo-electric-conversion equipment of this example A base region 32 is 
formed on the collector field 31 like the semi-conductor photo-electric-conversion equipment shown in 
drawing 7 . They are the 1st emitter region 331 and the 2nd emitter region 332 on it. It forms. A 
collector electrode 34 is formed in the collector field 31, and it is the 1st emitter region 331. The 1st 
emitter electrode 351 is formed upwards. The 2nd emitter region 332 It is the 2nd emitter electrode 352 
upwards. It forms and is the 1st emitter region 331. The 2nd emitter region 332 The dummy base 
electrode 36 is formed on the base region 32 of a between. 

[0063] The 1st emitter electrode 351 of the semi-conductor photo-electric-conversion equipment of 
this example The 2nd emitter electrode 352 Where an electrical potential difference is impressed in 
between If incidence of optical hnu of the wavelength which exceeds the bandgap energy of a base 
region 32 along a base region 32 is carried out An electron and an electron hole pair are generated by 
the base region 32 ? an electron is divided into a conduction band, an electron hole is divided into a 
valence band, and it is the 1st emitter electrode 351. The 2nd emitter electrode 352 Although the 
existence of the light which carried out incidence, and strength are detectable since a current flows in 
between Since the dummy base electrode 36 of protection-from-light nature is formed, it is the 1st 
emitter electrode 351. The 2nd emitter electrode 352 Outpatient department light hnul which carries 
out incidence from between It can prevent blocking detection of optical hnu which is signal light, and 
stable actuation can be expected. 

[0064] Moreover, if this dummy base electrode is formed with a conductive coat and the current near a 
threshold is passed through this dummy base electrode, the semi-conductor photo-electric-conversion 
equipment which answers the exposure of light promptly can be obtained. And it can form again at the 
same process as this semi-conductor photo-electric-conversion equipment, and can prevent actuation 
of the semi-conductor amplifying device which has the same structure as this being blocked by 
outpatient department light. 

[0065] Although it was called the dummy base electrode since it formed in the process which forms the 
base electrode of other equipments to integrate, it sets in this example, and the dummy base electrode 
36 of this example is the outpatient department light hnul. If it is the coat which has the property to 
intercept, it is sufficient, and the dummy base electrode 36 can also consist of light-shielding films of 
arbitration. 

[0066] Moreover, the mask ROM which can be operated by the exposure of light can be constituted by 
arranging two-dimensional and forming the dummy base electrode 36 of protection-from-light nature 
alternatively on the base region 32 of specific semi-conductor photo-electric-conversion equipment by 
adopting the below-mentioned configuration for the semi-conductor photo-electric-conversion 
equipment of this example. By carrying out parallel connection of two or more such mask ROMs, and 
irradiating light alternatively at each mask ROM, a mask ROM can be switched suitably and the 
information on a specific mask-ROM proper can be read. 

[0067] (The 6th example) Drawing 9 is the configuration explanatory view of the semi-conductor photo- 
electric-conversion equipment of the 6th example. Setting to this drawing, 31 is a collector field and 32 
is a base region and 331. The 1st emitter region and 332 The 2nd emitter region and 34 are a collector 
electrode and 351. The 1st emitter electrode and 352 The 2nd emitter electrode and 36 are dummy 
base electrodes. 

[0068] In the semi-conductor photo-electric-conversion equipment of this example A base region 32 is 
formed on the collector field 31 like the semi-conductor photo-electric-conversion equipment shown in 
drawing 7 . They are the 1st emitter region 331 and the 2nd emitter region 332 on it. It forms. A 
collector electrode 34 is formed in the collector field 31, and it is the 1st emitter region 331. The 1st 
emitter electrode 351 is formed upwards. The 2nd emitter region 332 It is the 2nd emitter electrode 352 
upwards. It forms and is the 1st emitter region 331. The 2nd emitter region 332 The dummy base 
electrode 36 which has the filter property to make the light of specific wavelength penetrate is formed 
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on the base region 32 of a between. 

[0069] The 1st emitter electrode 351 of the semi-conductor photo-electric-conversion equipment of 
this example The 2nd emitter electrode 352 Where an electrical potential difference is impressed in 
between, only when irradiating the light of the specific wavelength which penetrates the dummy base 
electrode 36, it is the 1st emitter electrode 351. The 2nd emitter electrode 352 The current or collector 
Ic current of a between can be modulated. 

[0070] Moreover, the mask ROM which can be activated by the exposure of the light of specific 
wavelength can be constituted by arranging much semi-conductor photo-electric-conversion 
equipments of this example two-dimensional, and forming alternatively the dummy base electrode 36 
which has the filter shape which makes the light of specific wavelength penetrate on the base region 32 
of semi-conductor photo-electric-conversion equipment. The information which changes with one mask 
ROMs can be switched and read to this mask ROM by irradiating alternatively the light of the 
wavelength which penetrates the dummy base electrode 36, and the light of different wavelength from 
this wavelength. A semi-conductor multilayered film, a dielectric multilayered film, etc. which have the 
property to make the light of specific wavelength penetrate as a dummy base electrode 36 of this 
example can also be used. 

[0071] (The 7th example) Drawing 10 is the configuration explanatory view of the semi-conductor 
photo-electric-conversion equipment of the 7th example. Setting to this drawing, 31 is a collector field 
and 31c. For the 1st emitter contact field and 33c2, the 2nd emitter contact field and 34 are [ a 
collector contact field and 32 / a base region and 33 / an emitter region and 33c1 ] a collector 
electrode and 351. The 1st emitter electrode and 352 The 2nd emitter electrode 36 is a dummy base 
electrode. 

[0072] It sets to the semi-conductor luminescence equipment of this example, and is the n mold InGaAs 
(300nm in thickness). Collector contact field 31c which consists of 5x1 01 8cm-3 Upwards The collector 
field 31 which consists of an n mold InAIAs (300nm in thickness, 1x1017cm-3) is formed. The base 
region 32 which consists of a p mold InGaAs (70nm in thickness, 5x1019cm-3) on it is formed. The 
emitter region 33 which consists of an n mold InAIAs (200nm in thickness, 3x1018cm-3) on it is formed. 
The 1st emitter contact field 33c1 and the 2nd emitter contact field 33c2 which consist of an n mold 
InGaAs (200nm in thickness, 5x1019cm-3) on it are formed. Collector contact field 31c The collector 
electrode 34 which consists of Cr/Au (20/300nm in thickness) is formed. It is the 1st emitter electrode 
351 to the 1st emitter contact field 33d. It forms and is the 2nd emitter electrode 352 to the 2nd 
emitter contact field 33c2. It forms. - '-V 

[0073] It sets to the semi-conductor photo-electric-conversion equipment of this example, and they are 
the 1st emitter electrode 351 and the 2nd emitter electrode 352. Since it formed with the ingredient 
which has the property which penetrates the light of specific wavelength, they are the 1st emitter 
electrode 351 and the 2nd emitter electrode 352. It can let it pass and optical hnu can be irradiated, as 
the ingredient which has the property which penetrates the light of specific wavelength — an InSnO 
system and Ngln 204 etc. — a spinel system crystal can be used. Since especially the latter is applied 
to the light from near-infrared, and the light of a wide band is penetrated and it shows electrical 
conductivity with 104 S/cm extent good as conductivity, it is usable enough as a transparent electrode 
of this example. - - 

[0074] (The 8th example) Drawing 1 1 is the configuration explanatory view of the semi-conductor 
photo-electric-conversion equipment of the 8th example. Setting to this drawing, for an emitter region 
and 33c1, the 1st emitter contact field and 33c2 are [ 33 ] the 2nd emitter contact field and 371. The 
1st emitter outgoing line and 372 It is the 2nd emitter outgoing line. 

[0075] In the semi-conductor photo-electric-conversion equipment of this example, an electrode is not 
formed on the 1st emitter contact field 33c1 and 2nd emitter contact field 33c2** on an emitter region 
33, but it is the 1st emitter outgoing line 371 to the edge of the 1st emitter contact field 33c1. It 
connects and is the 2nd emitter outgoing line 372 to the edge of the 2nd emitter contact field 33c2. It 
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connects. 

[0076] In the semi-conductor photo-electric-conversion equipment of this example, since it can let the 
1st emitter contact field 33c1, the 2nd emitter contact field 33c2,.and an emitter region 33 pass and 
direct light hnu can be irradiated in a base region, incidence of optical hnu can be carried out effective 
in a base layer. In this case, it is necessary to make sufficiently high high impurity concentration of the 
1st emitter contact field 33c1 and the 2nd emitter contact field 33c2, and to reduce that resistance. 
[0077] (The 9th example) Drawing 12 is the configuration explanatory view of the semi-conductor 
photo-electric-conversion equipment of the 9th example. Setting to this drawing, 31 is a collector field 
and 32 is a base region and 331. The 1st emitter region and 332 The 2nd emitter region and 34 are a 
collector electrode and 351. The 1st emitter electrode and 352 The 2nd emitter electrode and 38 are 
multilayer reflective film. 

[0078] In the semi-conductor photo-electric-conversion equipment of this example A base region 32 is 
formed on the collector field 31. On it The 1st emitter region 331, Form the 2nd emitter region 332 and 
an InAIAs layer / eight period of InGaAIAs(es) in which each class has the thickness of the quarter- 
wave length of incident light hnu are deposited on the collector field 31. The Fabry-Perot resonator is 
formed in the field which forms the multilayer reflective film 38 to the light of the wavelength, and 
includes a base region 32. A collector electrode 34 is formed in the outside, and it is the 1 st emitter 
region 331. The 1st emitter electrode 351 It forms and is the 2nd emitter region 332. It is the 2nd 
emitter electrode 352 upwards. It forms. 

[0079] Incidence of optical hnu of the wavelength exceeding the bandgap energy Eg of a base region 32 
can be carried out to this semi-conductor photo-electric-conversion equipment, the Fabry-Perot 
resonator can be designed suitably, and photoelectric conversion efficiency can be improved by making 
the antinode of the standing wave of incident light hnu in agreement with a base region 32 or the 
collector field 31. 

[0080] (The 10th example) Drawing 13 and drawing 14 are the explanatory views of the semi-conductor 
photo-electric-conversion equipment of the 10th example of operation, and (A) - (E) shows the energy 
band in the condition of differing. It sets to this drawing and is E1. The 1st emitter region and E2 For a 
collector field and e, an electron and h are [ the 2nd emitter region and B / a base region and C / the 
potential of the 1st emitter region and VE2 of an electron hole and VE1 ] the potentials of the 2nd 
emitter region. 

[0081] These drawings are. the 1st emitter region E1 of the semi-conductor photo-electric-conversion 
equipment of this example. The,2nd emitter region E2 Different potential is given and behavior of the 
time of not irradiating optical hnu, the energy band when irradiating, an electron, and an electron hole is 
shown in three dimensions. 

[0082] The 1st condition (0<VE1 «VE2 hnu making) (refer to drawing 13 (A)) 

The 1st emitter region E1 Potential VE 1 and the 2nd emitter region E2 Both potentials VE 2 are just 
carried out, and it is the 2nd emitter region E2. It is the 1st emitter region E1 about potential VE 2. It is 
made higher than potential VE 1, and the energy band when not irradiating optical hnu is shown. In this 
condition, since electronic e and an electron hole h are not generated in base region B, collector current 
Ic does not flow. 

[0083] The 2nd condition (those with 0<VE1 «VE2 hnu) (refer to drawing 13 (B))- ....... 

The 1st emitter region E1 Potential VE 1 and the 2nd emitter region E2 Both potentials VE 2 are just 
carried out, and it is the 2nd emitter region E2. It is the 1st emitter region E1 about potential VE 2. It is 
made higher than potential VE 1, and the energy band at the time of irradiating light is shown. In this 
condition, electronic e and an electron hole h are generated by the exposure of light at base region B, 
since the valence band of base region B has convex, the generated electron hole is accumulated in base 
region B, Electron e moves to the collector field C according to the inclination of the potential of a 
conducting sleeve, and collector current Ic flows. 

[0084] The 3rd condition (0<VE1 «VE2 hnu continuation) (refer to drawing 13 (O) 
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The 1st emitter region E1 Potential VE 1 and the 2nd emitter region E2 Both potentials VE 2 are just 
carried out, and it is the 2nd emitter region E2. It is the 1st emitter region E1 about potential VE 2. It is 
made higher than potential VE 1, and the energy band at the time of continuing irradiating light is shown, 
while the electron e generated by base region B moves to the collector field C in this condition 
according to the inclination of the potential of a conducting sleeve by the exposure of light, in order that 
the electron hole generated by the exposure of light may be accumulated in the valence band of base 
region B and may lower the potential of base region B — the 1st emitter region E1 from — the electron 
e poured into base region B — the collector field C — moving — collector current Ic — ****. 
[0085] The 4th condition (0<VE1 «VE2 hnu cutoff) (refer to drawing 14 (D)) 

The 1st emitter region E1 Potential VE 1 and the 2nd emitter region E2 Both potentials VE 2 are just 
carried out, and it is the 2nd emitter region E2. It is the 1st emitter region E1 about potential VE 2. It is 
made higher than potential VE 1, and the energy band at the time of intercepting the exposure of light is 
shown. 

[0086] Although the exposure of light is intercepted in this condition The electron hole generated by the 
exposure of light before it is accumulated in the valence band of base region B t and it is the 2nd emitter 
region E2. Since potential VE 2 is high, The electron hole of the valence band of base region B, and the 
2nd emitter region E2 Since the energy levels of the electron of a conducting sleeve differ, it is the 2nd 
emitter region E2. The electron e of a conducting sleeve does not tunnel between bands to base region 
B. In order that an electron hole h may pile up in the valence band of base region B, the potential of 
base region B has fallen, and it is the 1st emitter region E1. The poured-in electron e moves to the 
collector field C through base region B, and a collector Ic current continues flowing. 
[0087] The 5th condition (0<VEKVE2 hnu cutoff) (refer to drawing 14 (E)) 

The 1st emitter region El Potential VE 1 and the 2nd emitter region E2 Both potentials VE 2 are just 
carried out. The 2nd emitter region E2 It is the 1st emitter region E1 about potential VE 2. Although it is 
higher than potential VE 1 The 1st emitter region E1 They are near and the 2nd emitter region E2 to 
potential VE 1. It is set as the potential a conducting sleeve and whose valence band of base region B 
correspond, and the energy band at the time of intercepting the exposure of light is shown. 
[0088] Since the exposure of light is intercepted in this condition, there is no generating of an electron 
and an electron hole pair, and it is the 2nd emitter region E2. Since the energy level of the electron hole 
in the electron in a conducting sleeve and the valence band of base region B is in agreement, The 2nd 
emitter region E2 In order that the electron in a conduction band may neutralize with the electron hole 
which tunneled between bands to the valence band of base region B, arid was piling up in the valence 
band of base region B, the potential of base region B — going up — the 1st emitter region E1 from — 
migration to the collector field C of the electron e poured in will be barred, and a collector Ic current will 
not flow. 

[0089] it be semi-conductor photo electric conversion equipment of this example with which realize this 
5th condition have the bipolar transistor structure which consist of a collector field , a base region 
which do not pull out an electrode outside , and two emitter regions or more , it can dope the impurity 
more than an effective density of states to an emitter region and a base region , can make an electron 
able to tunnel in the valence band of a base region from the conduction band of an emitter region , can 
promote neutralization -with the superfluous majority carrier in a base region , and can shorten a turn-off 
time . 

[0090] In ME-HBT which has two emitters in the 10th example (The 11th example) The potential of the 
emitter of the direction which is not used as usual photo-electric-conversion equipment is adjusted. 
Although the example which improves adjustment with the electronic instrument which realizes the 
optimum conditions which the electron of the conduction band of emitter region E can tunnel between 
bands to the valence band of base region B, shortens the switching time and has other ME-HBT 
structures was explained Also in the semi-conductor photo-electric-conversion equipment which has 
the bipolar transistor (HBT) structure of having one emitter, the same effectiveness can be acquired by 
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doping the impurity more than an effective density of states to emitter region E and base region B. 
[0091] Drawing 1 5 is the explanatory view of conventional semi-conductor photo-electric-conversion 
equipment of operation, and (A) - (C) shows the energy band in the condition of differing. For an emitter 
region and B, in this drawing, a base region and C are [ E / an electron and h of a collector field and e ] 
electron holes. 

[0092] This drawing shows behavior of the time of not irradiating optical hnu, the time of irradiating, the 
energy band when intercepting an exposure, an electron, and an electron. hole to the semi-conductor 
photo-electric-conversion equipment which has the usual bipolar transistor structure which will be the 
requisite for the 11th example, and which is known from the former in three dimensions. 
[0093] The 1st condition (hnu making) (refer to drawing 15 (A)) 

Electropositive potential is given to emitter region E to negative and the collector field C, and the 
energy band when not irradiating optical hnu at base region B is shown. In this condition, electronic e 
and an electron hole h are not formed in base region B, and since the obstruction between emitter 
region E and base region B is expensive, collector current Ic does not flow. 
[0094] The 2nd condition (those with hnu) (refer to drawing 15 (B)) 

The energy band at the time. of irradiating light, where the potential of emitter region E and the collector 
field C is left as it was is shown. In this condition, since electronic e and an electron hole h are 
generated by the exposure of light at base region B, and the generated electron hole is accumulated in 
the valence band of base region B with which the valence band has convex, consequently the potential 
over the electron e of base region B falls, the electron e poured into base region B from emitter region 
E and the electron e generated by the exposure of light move to the collector field C t and collector 
current Ic flows. 

[0095] The 3rd condition (hnu cutoff) (refer to drawing 1 5 (O) 

The energy band at the time of intercepting light, where the potential of emitter region E and the 
collector field C is left as it was is shown. Although electronic e and an electron hole h are not 
generated by base region B in this condition in order to intercept the exposure of light, since the high 
impurity concentration, of emitter region E is low, It is accumulated in the valence band of base region B, 
without neutralizing with an electron the electron hole generated by the exposure of the light before it. 
The potential of base region B falls, the electron e poured into base region B from emitter region E flows, 
even if it intercepts the exposure of light, it does not return to an initial state quickly, but the switching 
rate by light falls. 

[0096] Drawing 16 is the explanatory view of the semi-conductor photo-electric-conversion equipment 
of the 1 1th example of operation, and (A) - (C) shows the energy band in the condition of differing. For 
an emitter region and B, in this drawing, a base region and C are [ E / an electron and h of a collector 
field and e ] electron holes. 

[0097] The 1st condition (hnu making) (refer to drawing 16 (A)) 

Electropositive potential is given to emitter region E to negative and the collector field C, and the 
energy band when not irradiating optical hnu at base region B is shown. In this condition, electronic e 
and an electron hole h are not formed in base region B t and since the obstruction between emitter 
region E and base region B is expensive, collector current Ic does not flow. 
[0098] The 2nd condition (those with hnu) (refer to drawing 16 (B)) 

The energy band at the time of irradiating light, where the potential of emitter region E and the collector 
field C is left as it was is shown. In this condition, since electronic e and an electron hole h are 
generated by the exposure of light at base region B, and the generated electron hole is accumulated in 
the valence band of base region B with which the valence band has convex, consequently the potential 
over the electron e of base region B falls, the electron e poured into base region B from emitter region 
E and the electron e generated by the exposure of light move to the collector field C, and collector 
current Ic flows. 

[0099] The 3rd condition (hnu cutoff) (refer to drawing 15 (C)) 
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The energy band at the time of intercepting light, where the potential of emitter region E and the 
collector field C is left as it was is shown. Although electronic e and an electron hole h are not 
generated by base region B in this condition in order to intercept the exposure of light, since the high 
impurity concentration of emitter region E and base region B is high, If the potential of base region B 
falls by the electron hole which was generated by the exposure of the light before it and was 
accumulated in the conduction band of base region B The width of face of the potential the potential of 
the electron of the conduction band of emitter region E and whose potential of the electron hole of the 
valence band of base region B correspond becomes large. It will become easy to move the electron of 
the conduction band of emitter region E to the valence band of base region B with the tunnel between 
bands, consequently neutralization with the superfluous electron hole of the valence band of base region 
B will be promoted, and the switching rate when intercepting the exposure of light is improved. 
[0100] (The 12th example) Drawing 17 is the configuration explanatory view of the semi-conductor 
optical switch equipment of the 12th example. Setting to this drawing, 30 is a semi-insulating substrate 
and 311. The 1st collector field, 312 The 2nd collector field and 31 c1 The 1st collector contact field, 
31c2 is the 2nd collector contact field, and 32 is a base region and 331. The 1st emitter region, 332 The 
2nd emitter region and 341 The 1st collector electrode and 342 The 2nd collector electrode and 351 
The 1st emitter electrode and 352 The 2nd emitter electrode and 39 are isolation regions. 
[0101] In the semi-conductor optical switch equipment of this example On a semi-insulating substrate 
30, the 1st collector contact field 31 cl of n mold, the 2nd collector contact field 31 c2, and the 1st 
collector field 311 of n mold, The 2nd collector field 31 2, the base region 32 of n mold, and the 1 st 
emitter region 331 of n mold, The 2nd emitter region 332 It deposits and is the 1st collector electrode 
341 to the 1st collector contact field 31c1. It forms. It is the 2nd collector electrode 342 to the 2nd 
collector contact field 31 c2. It forms. The 1st emitter region 331 The 1st emitter electrode 351 It forms 
and is the 2nd emitter region 332. The 2nd emitter electrode 352 It forms and is the 1st emitter 
electrode 351. The 2nd emitter electrode 352 It is made a mask, the ion implantation of the p mold 
impurity is carried out, and the isolation region 39 is formed. 

[0102] In this case, to an InGaAs/InAIGaAs system semi-conductor, Be, C, etc. can be used as a p mold 
impurity. Here, it is required to constitute a collector field from InGaAs instead of InAIGaAs. 
[0103] The 1st emitter electrode 351 of the semi-conductor optical switch equipment of such structure 
The 2nd emitter electrode 352 When impress an electrical potential difference in between, pour in an 
electron and an electron hole, it is made to recombine all over a base region 32 and light is made to emit, 
this light is the 1st collector field 31 1. The 2nd collector field 312 It reaches and is the 1st collector 
electrode 341. The 2nd collector electrode 342 In order to give a modulation to the current of a 
between, thereby, switching operation becomes possible. 

[0104] (The 13th example) Drawing 18 is the configuration explanatory view of the semi-conductor 
optical switch equipment of the 13th example. Setting to this drawing, 40 is a half-insulation InP 
substrate and 41 is an n mold InGaAs buffer layer and 42c. An n mold InGaAs collector contact layer 
and 42 are n mold InAIAs emitter layers, and an n mold InAIAs collector layer and 43 are [ a p mold 
InGaAs base layer and 44 ] E01. Semi-conductor luminescence equipment, OE1, and OE2 It is semi- 
conductor photo-electric-conversion equipment. 

[0105] In the semi-conductor optical switch equipment of this example On the half-insulation InP 
substrate 40, the n mold InGaAs buffer layer 41 and n mold InGaAs collector contact layer 42c, The n 
mold InAIAs collector layer 42, the p mold InGaAs base layer 43, and the n mold InAIAs emitter layer 44 
are grown up continuously. Etch all these layers alternatively, isolate them, divide the emitter region of 
each equipment, and collector-electrode C and the emitter electrode E are formed suitably. Any one 
semi-conductor luminescence equipment E01 of the 1st example thru/or the 3rd example Any one or 
more semi-conductor photo-electric-conversion equipments OE1 of the 4th example thru/or the 10th 
example, and semi-conductor photo-electric-conversion equipment OE2 It forms. 

[0106] this semi-conductor photo-electric-conversion equipment OE1 for example, the semi-conductor 
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photo-electric-conversion equipment of the format that the current change between two emitter 
electrodes detects incident light — being shown — semi-conductor photo-electric-conversion 
equipment OE2 Although the semi-conductor photo-electric-conversion equipment of the format that 
the current change between an emitter electrode and a collector electrode detects incident light is 
shown Semi-conductor luminescence equipment E01 By the light to emit, they are semi-conductor 
photo-electric-conversion equipment OE1 and semi-conductor photo-electric-conversion equipment 
OE2. It is switchable by controlling the current between an emitter electrode and a collector electrode, 
or the current between an emitter electrode and a collector electrode. 

[0107] the semi-conductor optical switch equipment of this example — setting — semi-conductor 
luminescence equipment E01 from — the emitted light — the inside of atmospheric air — spreading — 
semi-conductor photo-electric-conversion equipment OE1 Semi-conductor photo-electric-conversion 
equipment OE2 Incidence is carried out. 

[0108] (The 14th example) Drawing 19 is the configuration explanatory view of the semi-conductor 
optical-integrated-circuit equipment of the 14th example. Setting to this drawing, 40 is a half-insulation 
InP substrate and 41 is an n mold InGaAs buffer layer and 42c. An n mold InGaAs collector contact 
layer and 42 are n mold InAIAs emitter layers, and an n mold InAIAs collector layer and 43 are [ a p mold 
InGaAs base layer and 44 ] E01. Semi-conductor luminescence equipment, OE1, and OE2 It is semi- 
conductor photo-electric-conversion equipment. 

[0109] In the semi-conductor opticaHntegrated-circuit equipment of this example Like the 12th 
example, on the half-insulation InP substrate 40 The n mold InGaAs buffer layer 41 and n mold InGaAs 
collector contact layer 42c, The n mold InAIAs collector layer 42, the p mold InGaAs base layer 43, and 
the n mold InAIAs emitter layer 44 are grown up continuously. Etch the n mold InAIAs emitter layer 44 
alternatively, isolate it, divide the emitter region of each equipment, and collector-electrode C and the 
emitter electrode E are formed suitably. Any one semi-conductor luminescence equipment EOl of the 
1st example thru/or the 3rd example Any one or more semi-conductor photo-electric— conversion 
equipments OE1 of the 4th example thru/orthe 10th example, and semi-conductor photo-electric- 
conversion equipment OE2 It forms. 

[0110] It sets to the semi-conductor optical-integrated-circuit equipment of this example, and is semi- 
conductor luminescence equipment EOL By the light to emit, they are semi-conductor photo-electric- 
conversion equipment OE1 and semi-conductor photo-electric-conversion equipment OE2. It is 
switchable by controlling the current between an emitter electrode and a collector electrode, or the 
current between an Emitter electrode and a collector electrode. 

[011 1] in this case, semi-conductor luminescence equipment EOl from — the emitted light — a base 
layer — spreading — semi-conductor photo-electric-conversion equipment OE1 Semi-conductor 
photo-electric-conversion equipment OE2 In order to carry out incidence The reflection loss in the 
interface of each equipment can be reduced, when pinching the base layer of a band gap. which light 
spreads in the large n mold InAIAs collector layer 42 and the n mold InAIAs emitter layer 44, light is 
confined in a base layer and optical loss can be reduced further. 

[0112] (The 15th example) Drawing 20 is the configuration explanatory view of the semi-conductor 
optical-integrated— circuit equipment of the 15th example. Setting to this drawing, 40 is a half-insulation 
InP substrate and 41 is an n mold InGaAs buffer layer and 42c. An n mold InGaAs collector contact 
layer and 42 are isolation regions, and an n mold InAIAs collector layer and 43 are [ a p mold InGaAs 
base layer and 44 / an n mold InAIAs emitter layer and 45 ] E01. Semi-conductor luminescence 
equipment, OE1, and OE2 It is semi-conductor photo-electric-conversion equipment. 
[0113] In the semi-conductor optical-integrated-circuit equipment of this example Like the 12th 
example, on the half-insulation InP substrate 40 The n mold InGaAs buffer layer 41 and n mold InGaAs 
collector contact layer 42c, The n mold InAIAs collector layer 42, the p mold InGaAs base layer 43, and 
the n mold InAIAs emitter layer 44 are grown up continuously. Etch the n mold InAIAs emitter layer 44 
alternatively, and it is isolated. Divide the emitter region of each equipment and form collector-electrode 
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C and the emitter electrode E suitably, and between each equipment, carry out the ion implantation of 
the impurity or oxygen of a reverse conductivity type, and an isolation region 45 is formed. Any one 
semi-conductor luminescence equipment E01 of the 1st example thru/or the 3rd example Any one or 
more semi-conductor photo-electric-conversion equipments OE1 of the 4th example thru/or the 10th 
example Semi-conductor photo-electric-conversion equipment OE2 It forms. 

[0114] It sets to the semi-conductor opticaHntegrated-circuit equipment of this example, and is semi- 
conductor luminescence equipment E01. By the light to emit, they are semi-conductor photo-electric- 
conversion equipment OE1 and semi-conductor photo-electric-conversion equipment OE2. It is 
switchable by controlling the current between an emitter electrode and a collector electrode, or the 
current between an emitter electrode and a collector electrode. 

[0115] in this case, semi-conductor luminescence equipment E01 from — the emitted light — a base 
layer — spreading — semi-conductor photo-electric-conversion equipment OE1 Semi-conductor 
photo-electric-conversion equipment OE2 In order to carry out incidence The reflection loss in the 
interface of each equipment can be reduced, when pinching the base layer of a band gap which light 
spreads in the large n mold InAIAs collector layer 42 and the n mold InAIAs emitter layer 44, light is 
confined in a base layer and optical loss can be reduced further. 

[0116] And in the semi-conductor opticaHntegrated-circuit equipment of this example, the design 
degree of freedom on the electrical circuit of each equipment can be enlarged, permitting propagation of 
light, since each equipment is electrically separated by the isolation region 45. 

[0117] (The 16th example) Drawing 21 is the configuration explanatory view of the semi-conductor 
opticaHntegrated-circuit equipment of the 16th example. Setting to this drawing, 40 is a half-insulation 
InP substrate and 41 is an n moid InGaAs buffer layer and 42c. For an n mold InGaAs collector contact 
layer and 42, as for a p mold InGaAs base layer and 44, an n mold InAIAs collector layer and 43 are [ an 
n mold InAIAs emitter layer and 45 ] isolation regions, and HBT is a multi-emitter heterojunction 
transistor and EOt. Semi-conductor luminescence equipment, OE1, and OE2 It is semi-conductor 
photo-electric-conversion equipment. 

[0118] In the semi-conductor opticaHntegrated-circuit equipment of this example Like the 12th 
example, on the half-insulation InP substrate 40 The n mold InGaAs buffer layer 41 and n mold InGaAs 
collector contact layer 42c, The n mold InAIAs collector layer 42, the p mold InGaAs base layer 43, and 
the n mold InAIAs emitter layer 44 are grown up continuously. Etch the n mold InAIAs emitter layer 44 
alternatively, and it is isolated. Divide the emitter region of each equipment and form collector-electrode 
C and the emitter electrode E suitably, arid between each equipment,, carry out the ion: implantation of 
the impurity or oxygen of a reverse conductivity type, and an isolation region 45 is formed, semi- 
conductor luminescence equipment E01 indicated by any one of the multi-emitter heterojunction 
transistor HBT, the 1st example, or the 3rd example Semi-conductor photo-electric-conversion 
equipment OE1 indicated by any one or more of the 4th example thru/or the 10th example Semi- 
conductor photo-electric-conversion equipment OE2 It forms. 

[0119] Semi-conductor luminescence equipment E01 driven with the multi-emitter heterojunction 
transistor HBT in the semi-conductor opticaHntegrated-circuit equipment of this example By the light 
to emit, they are semi-conductor photo-electric-conversion equipment OE1 and semi-conductor photo- 
electric-conversion equipment OE2. It is switchable by controlling the current between an emitter 
electrode and a collector electrode, or the current between an emitter electrode and a collector 
electrode. 

[0120] in this case, semi-conductor luminescence equipment E01 from — the emitted light — a base 
layer — spreading — semi-conductor photo-electric-conversion equipment OE1 Semi-conductor 
photo-electric-conversion equipment OE2 In order to carry out incidence The reflection loss in the 
interface of each equipment can be reduced, when pinching the base layer of a band gap which light 
spreads in the large n mold InAIAs collector layer 42 and the n mold InAIAs emitter layer 44, light is 
confined in a base layer and optical loss can be reduced further. 
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[0121] And in the semi-conductor optical-integrated-circuit equipment of this example, the design 
degree of freedom on the electrical circuit of each equipment can be enlarged, permitting propagation of 
light, since each equipment is electrically separated by the isolation region 45. 

[0122] (The 17th example) Drawing 22 is the configuration explanatory view of the semi-conductor 
optical-integrated-circuit equipment of the 17th example. Setting to this drawing, 40 is a half-insulation 
InP substrate and 41 is an n mold InGaAs buffer layer and 42c. For an n mold InGaAs collector contact 
layer and 42, as for a p mold InGaAs base layer and 44, an n mold InAIAs collector layer and 43 are [ an 
n mold InAIAs emitter layer and 45 ] isolation regions, OSW is semi-conductor optical switch equipment, 
and HBT is a multi-emitter heterojunction transistor and E01. Semi-conductor luminescence equipment, 
OE1, and OE2 are semi-conductor photo-electric-conversion equipment. 

[0123] In the semi-conductor optical-integrated-circuit equipment of this example Like the 12th 
example, on the half-insulation InP substrate 40 The n mold InGaAs buffer layer 41 and n mold InGaAs 
collector contact layer 42c, The n mold InAIAs collector layer 42, the p mold InGaAs base layer 43, and 
the n mold InAIAs emitter layer 44 are grown up continuously. Etch the n mold InAIAs emitter layer 44 
alternatively, and it is isolated. Divide the emitter region of each equipment and form collector-electrode 
C and the emitter electrode E suitably, and between each equipment, carry out the ion implantation of 
the impurity or oxygen of a reverse conductivity type, and an isolation region 45 is formed. The semi- 
conductor optical switch equipment OSW indicated by the 11th example and the multi-emitter 
heterojunction transistor HBT Semi-conductor luminescence equipment E01 indicated by any one of 
the 1st example thru/or the 3rd example Semi-conductor photo-electric-conversion equipment OE1 
indicated by any one or more of the 4th example thru/or the 10th example Semi-conductor photo- 
electric-conversion equipment OE2 It forms. 

[0124] Semi-conductor luminescence equipment EOl driven in the semi-conductor optical-integrated^ 
circuit equipment of this example with semi-conductor optical switch equipment OSW or the multi- 
emitter heterojunction transistor HBT By the light to emit, they are semi-conductor photo-electric- 
conversion equipment OE1 and semi-conductor photo-electric-conversion equipment OE2. It is 
switchable by controlling the current between an emitter electrode and a collector electrode, or the 
current between an emitter electrode and a collector electrode. 

[0125] in this case, semi-conductor luminescence equipment EOl from — the emitted light — a base 
layer — spreading — semi-conductor photo-electric-conversion equipment OE1 Semi-conductor 
photo-electric-conversion equipment OE2 In order to carry out incidence The reflection loss in the 
interface of each equipment can be reduced, when pinching the base layer of a band gap which light 
spreads in the large n mold InAIAs collector layer 42 and the n mold InAIAs emitter layer 44, light is 
confined in a base layer and optical loss can be reduced further. 

[0126] And in the semi-conductor optical-integrated-circuit equipment of this example, the design 
degree of freedom on the electrical circuit of each equipment can be enlarged, permitting propagation of 
light, since each equipment is electrically separated by the isolation region 45. 
[0127] 

[Effect of the Invention] As explained above, according to this invention, it sets to a bipolar transistor. 
The superfluous majority carrier in the base generated at the time of an optical exposure by making high 
impurity concentration of an emitter and the base higher than an effective density of states at the time 
of optical cutoff It is made to pour into the valence band of the base with the tunnel between bands 
from the conduction band of an emitter. While being able to decrease a superfluous majority carrier and 
being able to shorten the response time at the time of optical cutoff by neutralizing a superfluous 
majority carrier by the minority carrier It is made multi-emitter heterojunction bipolar transistor (ME- 
HBT) structure. The potential difference can be established between two or more emitters, and 
neutralization of the minority carrier and superfluous majority carrier which were made to pour into the 
valence band of the base with the tunnel between bands from the conduction band of this emitter can 
be further made easy. 
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[0128] Furthermore, by ME-HBT by which a base region is not pulled out outside, optical semiconductor 
devices which have a good property, such as semi-conductor luminescence equipment and semi- 
conductor photo-electric-conversion equipment, are realizable, these optical semiconductor devices can 
be easily integrated by giving the process that it is common on the same substrate, and high integration 
of a logical circuit, high integration with active equipment and an optical semiconductor device, etc. are 
attained. 



[Translation done.] 
* NOTICES * 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
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[Brief Description of the Drawings] 

[Drawing 1] It is the principle explanatory view of the ME-HBT mold semi-conductor luminescence 
equipment of this invention. 

[Drawing 2] It is the principle explanatory view of the ME-HBT mold semi-conductor photo-electric- 
conversion equipment of this invention, and (A) is a sectional view and (B) is an explanatory view of 
operation. 

[Drawing 3] It is the configuration explanatory view of the semi-conductor luminescence equipment of 
the 1st example. 

[Drawing 4] It is the configuration explanatory view of the semi-conductor luminescence equipment of 
the 2nd example. 

[Drawing 5] It is the .production, process explanatory view of the semi-conductor luminescence . 
equipment of the 2nd example, and (A) 7 (C) shows each process. ; * - ' ; / 

[Drawing 6] It is the configuration explanatory view of the semi-conductor luminescence equipment of 
the 3rd example. 

[Drawing 7] It is the configuration explanatory view of the semi-conductor photo-electric-conversion 
equipment of the 4th example. 

[Drawing 8] It is the configuration explanatory view of the semi-conductor photo-electric-conversion 
equipment of the 5th example. 

[Drawing 9] It is the configuration explanatory view of the semi-conductor photo-electric-conversion 
equipment of the 6th example. 

[Drawing 10] It is the configuration explanatory view of the semi-conductor photo-electric-conversion 
equipment of the 7th example. 

[Drawing 1 1] It is the configuration explanatory view of the semi-conductor photo-electric-conversion 
equipment of the 8th example. 

[Drawing 1 2] It is the configuration explanatory view of the semi-conductor photo-electric-conversion 
equipment of the 9th example. 

[Drawing 13] It is the explanatory view (1) of the semi-conductor photo-electric-conversion equipment 
of the 10th example of operation, and (A) - (C) shows the energy band in the condition of differing. 
[Drawing 14] It is the explanatory view (2) of the semi-conductor photo-electric-conversion equipment 
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of the 10th example of operation, and (D) and (E) show the energy band in the condition of differing. 
[Drawing 15] It is the explanatory view of conventional semi-conductor photo-electric-conversion 
equipment of operation, and (A) - (C) shows the energy band in the condition of differing. 
[Drawing 16] It is the explanatory view of the semi-conductor photo-electric-conversion equipment of 
the 1 1th example of operation, and (A) - (C) shows the energy band in the condition of differing. 
[Drawing 17] It is the configuration explanatory view of the semi-conductor optical switch equipment of 
the 12th example. 

[Drawing 18] It is the configuration explanatory view of the semi-conductor optical switch equipment of 
the 13th example. 

[Drawing 19] It is the configuration explanatory view of the semi-conductor opticaHntegrated-circuit 
equipment of the 14th example. 

[Drawing 20] It is the configuration explanatory view of the semi-conductor opticaHntegrated-circuit 
equipment of the 15th example. 

[Drawing 21] It is the configuration explanatory view of the semi-conductor opticaHntegrated-circuit 
equipment of the 16th example. 

[Drawing 22] It is the configuration explanatory view of the semi-conductor opticaHntegrated-circuit 
equipment of the 17th example. 
[Description of Notations] 

1 Collector Field 

2 Base Region 

31 1 st Emitter Region 

32 2nd Emitter Region 
4 Collector Electrode 

51 1 st Emitter Electrode 

52 2nd Emitter Electrode 

1 1 Collector Field 

12 Base Region 

131 1st Emitter Region 

132 2nd Emitter Region 
14 Collector Electrode 

151 1st Emitter Electrode 

152 2nd Emitter Electrode 

20 Semi-insulating Substrate 

21 Collector Field 

21c Collector contact field 

22 Base Region 

23 Emitter Region 

231 1st Emitter Region 

232 2nd Emitter Region 
23c Emitter contact layer 

23c1 The 1st emitter contact field 
23c2 The 2nd emitter contact field 

24 Collector Electrode 

251 1 st Emitter Electrode 

252 2nd Emitter Electrode 
26 Dummy Base Electrode 

30 Semi-insulating Substrate 

31 Collector Field 

311 1st Collector Field BCevr* A . Mm 

21 . BEST AVAILABLE COPY 



. 312 2nd. Collector Field 
31c Collector contact field 
31 c1 The 1st collector contact field 

31 c2 The 2nd collector contact field 

32 Base Region 

33 Emitter Region 

331 1st Emitter Region 

332 2nd Emitter Region 

33c1 The 1st emitter contact field 
33c2 The 2nd emitter contact field 

34 Collector Electrode 

341 1st Collector Electrode ; 

342 2nd Collector Electrode 

351 1st Emitter Electrode 

352 2nd Emitter Electrode 
36 Dummy Base Electrode 

371 1st Emitter Outgoing Line 

372 2nd Emitter Outgoing Line 

38 Multilayer Reflective Film 

39 Isolation Region 

40 Half-Insulation InP Substrate 

41 N Mold InGaAs Buffer Layer 

42 N Mold InAIAs Collector Layer 

42c n mold InGaAs collector contact layer 

43 P Moid InGaAs Base Layer 

44 N Mold InAIAs Emitter Layer 

45 Isolation Region 
B Base region 

C Collector field 

E Emitter region 

E1 The 1 st emitter region 

E2 The 2nd emitter region 

E01 Semi-conductor luminescence equipment 
e Electron 

HBT Multi-emitter heterojunction transistor 
h Electron hole 

OE1, OE2 Semi-conductor photo-electric-conversion equipment 
OSW Semi-conductor optical switch equipment 
VE1 Potential of the 1st emitter region 
VE2 Potential of the 2nd emitter region 



[Translation done.] 
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6o ^5>^^«iSfe#U. j/#ffl«*JJ:tfK'' s -* 



5 

[0015] aur©^*— 5 h7^^ 

*©ei)M&A»fe*^*:^-*«*©fli**-»K: 

[0 0 16] r*uboiNWt:3t««*3glIteJ3V^ 
t, y*««©IBK:^©WieSJlT©*<fc 

[0 0 17] Sfc, **Wlc4»*»5iMMs3t^-l ; y^Bt 

$ It i o TttllEt *i"*u&»©¥aMttft«*»»« £ 

[0 0 18] Sfc. #3PJ^*>A>3^#ftftaiHl&g§ 

[0019] #^l£*>*>5te©¥^<$ft««l§] 

[0 0 2 0] Cl*ib©»&»-iN»flE3B3tigBi:iMmE3t 

ilMB«©IH©m«l«:«SrU 3tSrailS*5 J: 5fci"<E» 
[0 0 2 1 ] 

MU11 Hlli. #»W©ME-HBTS!¥*f«»fcK 

««, '2 3i »±J|Sl^5 3 2 

[0 0 2 2] *«W©S*fc/j:5ME-HBTgai|i*# 

#«£©=• i<D±.\zw,2^nm<D'<~*m®. 

2 3ftS»JSJtSix. i©^— *ffl«2©±teH5F»tt»«© 

^l#ll©Ilx5^^®«3i tHS23i5 

32 #712/* SiV = k^^PJ^ltCtta U**®Bb4# 

5i SrJKfiHU I2x; y^ffll^3 2 fcttJB2:** y * 

[0 0 2 3] ftti. ^«l«2J±^g|Jlr§|#ttl$ixT 

®3 2 ©Ba©^— ^Sgl§E2©±»CHg 1 ii y?mi$L3 



5 

»S*U *!3SXfifc*JV^T'<-^««2*sa«fc«lt5 

s. 

[0 0 2 4] C1©*S^©ME-HB Tgl^ffclSftglg 
cb^laiS y*©IE5i tS2x? y ^^i52 O&ll: 

So 

[0 0 2 5] ®2f±, #3^©ME-HBT§i¥-2g#}fc 

(B) ttftmHWBI-CfcS. r©I2HC*5^T % 1 ltta 
U 1 2«y<— *f«#. 1 3] li^li^j'i' 

. 1 32 ttJB2a=.S 14f4a^#t 

1 5 X 14^1^5 y*mM* 1 5 2 lif 2x5j/^ 

{0 0 2 6] #*pi!©£*fc!fc*ME-HBTSa|y»* 
20 36mSEt(IJS«K*iV^-Ctt. El 2 (A) fc*S;h/CH3.fc 

. 5 1 , * i srs;s© ai>? 1 1 <o±\zm 2 arms 

©-<-*£IJSl 2#Jl2j&£;h^ i©^— *SM£l 2©± 

fcK*tt*»*©* 1 *«9©* 1 $ y *rfftg 1 3 1 

tf 2x? j/^^i 32 =^^««1 

1 3 2 IC(i^lx$ y*m,Ul 5i f2x 
5 S/^fH^l 3 2 l:iiS2x? y*m&l 5 2 tf s ff2/&£ 

[0 0 2 7] ft**. El 1 ©¥3tflgB%&B£R)ttl^ 
30 — *«ttl-2tt*«fc3l#a£HTV*fcl,\ 4fc. §§1 
^ 5 V fffi® 13! iS2x? 3/ fffii$, 1 3 2 ©K©^ 
2©±»if±mi -y?ffi)$.l 3i t^2^. 

MJSISKiioT^— 2isa«*a«5©«:SS 
#\ HiH^ftojKSlcJcor^-^iijEl 2© 

12C*Itas^lx?^^®«i3i i^2x 
5s/^ffi^cl 3 2 ?r«t5¥i*^<^K^^yyii 

*#t^«-»-e»j*i-4i:; -<-^n^ci 2i^*s»tam^- 

[0,0 2 8] r©fl?jg©ME-HBTiy^a@^5tm^ 
Affile 3th v *RR«tUJ!ek*»fr©3i*^>'<v K«U6J4 
SI 2 (B) ©H^T^:$ixS«t 51-, *&1$1 2© 
fi»»©Jfttilli«?-»©IR±*s. 8U5^fil 5 
1 tJB2a:5s»^«ffil 5 2 ©e^^©iSt lffim*«© 

[0 0 2 9] ; ©M E - H B T S^iSft^Sf i^f 
^-^.fS^cl 2^<yK¥+i/7"x^^EgS:i@ 
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[0 0 3 0] JBl at? y^tt&l 5i 4rJB2 = 5y^« 
Hi 52 CORBtC 5fc£fi&*tLfcVvRf|8-<?-Sgl3i* y^ff; 
11 5i t|g2^$ y^.mffi 1 5 2 «DF^tcmM^Mix^ 

HfOIH±*s. v9W& \ 3i-i:JB2 = 5y^ffl 

0 2 (B) fcflte»T*Sivcv^5J:5t» *<-;*OT*i 

[0 0 3 1] (Ei ) 13 

1 i^-*^ (B) 1 2 ©ffiOPfgaM&TLXlglsi 

5y#m«15i £JS2=-5 y*«Sl. 52 ©lfflfc««E. 

[0 0 3 2] ott, ^SHlji'PUA 

tfciaWOjE?L*f».*2 3i5 3 2 <D^T-Sr^< 

>-KW h^/Hcio.T^-^^l 2 tc^sb-rsmT- 

i £itX}th.v &f&»r.Lfc£:#©3 *«««£© 

WB v S*WKltt»-.JB2 3i5 y.*««1.3 2 

£&ffi< UT,' p n«*-02ES*«Sr*-<.-*-5ri:K:± 

ot« ^ KR3© b v*;v&{Ei1-2> r. t iwioxgj* 

[0 0 3 3] 

(£ 1 HJE^J) HI 3 (4, ft 1 Xtt0!©¥WHeft&B© 

& 2 23] HJS1.315 2. 

3 2 I4|?!2 3i~ -;/*g|J£, 2 4(4=iL'^^mi> 2 5! 
ttJBl^S-y^WBs 2 5 2 141^231$ j/*«arc*> 

So 

[0 0 3 4] i03Sl(6flyo*i»flE»3t*1Btfc*SV^"Ctt, 
nSl nGaAs (ff$3 0 0nra, 3 X 1 0 16 c 
m -3) i>f,45a U£ *eB*£2 1 ©_tfc., pflnGa 
As (I$8 0nm> 5X.1 0 19 cm" 3 ) HW' 5 - 
*fS#2 2 &Jfcj£U ^Olldni I n A 1 G a A s 

(I$2 0 0 nm > 3 X 1 0 18 c m -3 ) i^iSlH 
5 s/*ft#2 3i , 12x5 </*fl|j£2 3 2 *r»j£U 
= l^?^W2 ll:Cr/Au (IS 2 0/3 0 0n 
m) frht£%^ \s?f%M2 4&7&/&U SU^^ 
®^E2 3i ©_kK.C r/Aii (f J 2 0/3 0 0 nra) 

^S«2 32 ©It^tCr/Au (J¥£ 2.0/3 0 
Onm) *^i5f 2i? s>*®taS2 5 2 SrflMLXI^ 

So 

[0 0 3 5] ^— *fB#2 2f*ttg|5U:§l£{iS$;h, 

-f % JgH* y*«#2 3j ifg2^S y*ffi«2 3 2 
©W©r<-.*fBJgc2 2<0±\Zitm 1 x? y*ffilg2 3 j. 
t|g23i5:->^ffli«23 2 4 



(5) 

«2 2isa**g»t50S:KSf. $i5i&fl-^©& 
tkJ:ot'<-7fl«2 2oaB5«flili s *fl:-t-5oSrl» 

[0 0 3 6] r ©|lft«©¥*i«6ft§61t©» 1 =t 5 y 
^m®2 5i tl2i; s/^tfi2 5 2 ©HfcfcflESrep 
flDLXm^iiE?L3:&.AU Z\<D%=f-tlETL$:W, 1 
y^««2 3i , JB2^Sy^««2 32 
2 2 0R|0«*««-e»8***5r ttaotjth v 

[0 0 3 7] $gl3iS;-;/*tM£2 3i , JS 2 :?i 5" 5/ * ® 
JgE 2 3 2 ©*!*»«**:, li^OHBTW5fgflSfCi« 

9l«2 3i , jR2xSy^tRtt2'3. 2 £ *«*©IBJ 

[0038] m2 mmm m 4 14. $g 2 mfio^ 

f4=».u 2.1 C ^Uff^^ft 22 

20 tt^<— *^lgE, 2.314^5 2 3 c il4|gl3i5; 

= 2 3 c2 f4IB2x$ V 

2 4(4=" U^*®ffi\ 2 5x I4|g lac? . 
2 52 tt!B2:t5.y*®ffi-C*>?>. 
[0 0 3 9] r. ©Slit«©*3|{«83t«ipK:*sv^-Ctt. 
nil.nGaAs .(f$3 0 0nm, 5xi0 18 c 
m -3) j»^al/^a^i! . hfH«2 l c ©±K, 
nil n A 1 A s (SS3 0 0nm, lX10 17 c 
m-3) i»b'45 3V?#««2 1 .fcJ&tfU *©±fc p 
Si nGaAs 70nni, 5X1 0 19 cm -3 ) 

30 ? ) /j:?i'<-^2 2&MU -!:©±tnIInAl 
As, (f*2 00nm-. 3.x 1 0 18 cra" 3 ) A>b45x 
5 y^«ljt2 3*:JKj*L».-tO±fcn'a!-I nGaAs 
(f $ 200nm, 5X 1 0 19 c m" 3 ) .A^^Sf 1^ 
5y?3^* HSS&2 3 d tS2i5 y^ay^^ h 
ffl&2 3 c2 $r«J*U = bfg^c2 l c lc 

Cr/Au (J?$ 2 0/3 0 0 nm). 5 = 

^I24&MU »ix* y ^3y#^ hft!tt2 3cl 
Icfg 1 x; ;/*®H2 5i £fl5j£U |2x;^^y- 
hP^2 3 c2 »-m2 3i5 yV^mi 5 2 SrJKfiRLT 

[0040] r©. 3u^^ta«2 i ^^^2 

2, 3i5 y^««2 3. J(S1 x- V;? ^ h€S^2 

3 c j, IB23i5 yZ^'sf >? h|g^c2 3 c2 liMBEftt 

llx^^y^ htH%2 3 c liSS23t5y^3>' 
h^i|E2 3 c2 Sr»BS-t-Sai5 y^>*tt, JJ >-®E^ 
CD 31 J/ ^ > ^ m V X y fr ^ y \ z x o x tr i> . 
[0 0 4 1] W 5 14. IS 2 £tt0l©¥i*{ttg%£a©a![ 
»I8I!IWHT*»9. (A) ~ (C) I4#ISS:*LT 
so vn?, 0 -©IHcio^X, 2 0f4^^t4St5. 2 114 = 
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2 1 c = H, 2 2(4^ 

-^!l^> 2 3f4x5 2 3 c ft*- H y ? => ^ 

hBv2 3 c ifi|Bl3i5s'#3>'^# 2 3 

c2f4S'2x5; y HB#, 2 4li=»v**fc 

@. 2 5i f4fSlx~ 2 5 2 f4S 2 x ~ y 2 

[0 0 4 2] w©XS»MBlli:j;oT^2|IJS0!l«5^3f 

[0 0 4 3] HIS (05 (A) 
■ I nPa»5>45i|i«feJftttS«2 0O±K:» MB.Eifcfc.fc 
ct,. nil n G a A s ^ = Mf ■ 

2 l c , nllnAl Asi»f,/i ; 5 3U^I«2 1, 
pIInGaAsH'i5'<-^ia2 2, nSlnA 

1 AsHi5i?5'^aig(2 3, nil nGaAsri* 
b&Sx? y9=s#9 YM2 3 C 4rjft*i-* Q 

[0044] I21g (IH5 (B) ■#«)• 
x? y#^^9-9 H23 c ©Jbfc0SdSr5ft-f-5Uv?^ 

^fcffll^TxS: 3/^ 3^^^ M2 3 c S:SWWI:i 
yf^U, fBlx? ^^y^^ Mpl£2 3 c iim 
2x5^^3^^ MME2 3 02*^4 5=- 5 y?*-f 

[00 4 5] -13 IS (15 (C) #fl£.) 
^V^?rffl^r3i5 = 2 3 C , i? y 

[0 0 4 6] EtbLfc=> U-y-^V** 2 l c 
r/'AuJi»e>fc3=»i'**«tt2 4«r»J*U JBl^S 
j/ h£ligc2 3 c i<E>±l::|glx5 s/*mffi2 5 
1 &J#fifcU ^2i;y^y^ MBJ$2 3 c2 C0±tc 
12x5 5,^582 52 SrMtS. 

[0 0 4 7] itD^-g-, pSl nGaAs^b'ii^- 
*1>Bi§E2 2<£>_kfc, -<-^fg^2 2co^^K=¥^s/7'<t 
O^^nil nA.l AsA>t3)i5x? 5>*SRt£2 3£ 

fc. wC<-^«lgE2 2te»i-53t©||*«:fi«i-* 

:©J:5K:. 8 l ^ v?=>s9? Vffi 

— 2 2<D±<Dm$±mz^S. •yf*-f*ft-f2>ffi 

it(4M E- H B T®iiI*I£ffl^3 CI 1 K J: o xm^LiT 

[0 0 4 8] r. rofl|jtt0>¥*{*«%g1l£> $ 1 x 5 *j9 
*ffi2 5i i!2x5 y^m®2 5 2 ©MlcaflE^PPAP 
t5:tl:± 9^ £IE?LSr&AU r CDtgrF-irlEJLfc 
x? y *SWE2 3 2 20^I)|T'«^ 



/0 

[0 0 4 9] r©ijti»'*«3fcK«i:mtiek:j:oTRI 
^•1-5HBTlCi3^T, a U^^^S*go2 l^y-T K^f-^ 

i£2 10/<>'K*-Y'y7 f Sr'<-^««2 2 J: ?> £< 1"5 
:ttJ:9, "«-*SS#2 2<f>-?31±-r53t£2&5c#J 
fcHC&fc, ^-^«*2 2"«f-C©fiiSa*S:«4ti-S 

[00 50] (Jg 3 StttftD HI 6 tt, S3 HH^r|©^ 
(M8jfcSS«©»J*ttWBl?*>*. :oBt*i^T, 2 1 
it^uf^mm. 2 2tt^— *tBJ£;' 2- 3i f4SlxS 
y*SB*& 2 3 2 (4fg2x~ y^^, 24»43U^2? 
11, 25i lillx? j-^gl, 2 52 tt!2x$. 7 
f^jm, 2 6f4^5 i-*©&-C£>-5„ 

[0 0 5 1] r. ©3Wt«©i|fcWflE383t*Bfctivyr»4» 
H3fc*l;fc-iMMMB*3aillfcR«fc, =»-u**flW&2 
lWilc, ^-^22S:WU ^<S>±fc!glxs; 
2° y*fe*2 3i » 3l2x$ -y9WSL2 3 2 U => 

u*-*««2 lK3W^l«2-4t»*U Six? 
y 2 3 i K1K 1 x 5 y 2 5 ! «r#jfc. U S 

2x5 s/^fSlgc2 32 ;l:l2x? y*«&2 5 2 «r»J* 
U SSl^Sy*Wtt2 3i tf2x^^I«2 32 
WW©"*— *€BtK2 2©±t/S- *^@2 6 

[0 0 5 2] r©^«*gt©lix5 -yfWM2 
5i tf2 x 5 -;/*H@2 5 2 ©Rfll-SJESrPpiPLTfi 

so 2 3 X , S2X5 y*flW£2 3 2 2 2©g 

ri*5T'§5i\ Jl^tttO^S— ^<-^®BI2 6 SrBttf 

[0 0 5 3] /«c*j,. ■wCJlltffllo^aMlciSjtSSttlcisi^ 

T, /J-^-^112 6, Six? j/^iS2 5) , 
S2x5 <y^«i2 5 2 OloEi±^, ^><c< tt^S 

[0054] (s 4 nis^j) 07(4, s 4nnwn¥m 

3 1 f4= 3 2»4-<-^ffl^ < 3 3] f4S 1 

3 3 2 I4SI2x$ y^fSJ$ v 3 4I43U 
^^tt«l. 3 5] ttSSlJt? 3 5 2 »4S2x 

10 0 5 5] Z©H«i0?«Oi|t*#3t*ffi»8«^*i^T 
14, H3te*Ufci|£3»*|ca3tJg«i:EI«t, nSlnG 
a As (f?3 0 0nm, 3xio 16 cm'3) i>f>45 
so 3 l^*fgJ£3 1 C0±lw, p^lnGaAs 0 



niru 5x l 0l9cm-3) 2SrJR 
fi^U -troiCnll nAlGaAs U?£ 2 0 0 n 
m, 3xi0 18 cm- 3 ) *»b45JB 1^5 y^««3 3 
1 , m2JcS s/*fl|i$3 3 2 ^J^JSSi =>W*0^3 
llCCr/Au (f$ 2 0/3 0 0 nm) i»b45=l' 
***S3 4*»J&U Ilx^;?figE33i <75±{d 
Cr/Au (f$2 0/3 0 0nm) /4>fe&3g§ 1 x 5 
y^«S3 5i Sr»«U S2x? y*<fc%L3 3 2 ©± 
KPltBteC r/Au (fS2 0/3 0 0.nm) d>£>&3 

[0 0 5 6] fc*5, ^-^««3-2tt^»fc5l#ffl$n. 
TJabi*. »1^5 y*««3 3itJB2i5 s/^fiR* 
3 3 2 ©WW-*— *fai$3 2<D±ICJi^ 1 x* y$W$. 
33) if2x5y^iS3 32 «r»«t5*i#«« 

-^IS^3 2 0*ffi*fflS#*fl:i-5©*rKv^-Ci'^5. 

[0057] r <D*mw%mmmmm~. n-x&m 3 
^®«3 2td^®-rsfc*ice*^ : rois. -iffim^ ' 

^3 2 <£>mz>!$&ft&T LtSUS'^ %@ 3 5 1 t 

S2x* -y^mms 5 2 rop^miffi^oms/ctf), :o 

[0 0 5 8] ^ ©Ig-g-^fl, Six* :/*SH*$3 3i t 
S2i? 3 3 2 K*tLT = V^^ffi*3 1 ©1 

Ltti# v = u**$tt£3 1 (DftUlcm^ tf&lb • 
L!iV^5l:f5^tm5. C1©1S, 5th v©H8£t 30 

7Lt,^-^^3 2lCg(tAUT, IH5y^fl3 5 
1 ir^2^5 y^m^3 5 2 co^lcMHS^IMf-^-r 

[0059] z.<Dnmm<D*wftn&Wk'm.w.<n'% 1 x . 

S^^ti35i t!2x? y*tt&3 5 2 £> 
BHt«AT©«ttSrPniPUr*s<-i:. 5th v ©flMtfc £5 

r. ©3llsefl©¥*tt**«*«llfc*5^T. ^ix^ 

i£3 1 ©«teM#l6)©«(ft*Tf|«]PL.T. =>U^i?^3 

I c«sj8h4v^5KUt*#. Jfch vfcfiMtLfci 
£\ x*;,*^;Sg ri 3 ijfc*v 

[0 0 6 0] -MtZs ±iE«OHl£0iJ»Ct5^TH, fg 1 x * 



/2 

3 52 ^^l®34 

[0061] (is uttfti) bi 8 1±. « 5 mmm<D^ 

Sltta^^WE. 32tt'<— ^fiH«» 33i (43? 1 
= 3 3 2 (4Jg2x* y^i^ 3 4(4=>V 

* * fS8L 3 5 1 (4S ix5y? m^I, 3 5 2 (±31 2 x 

[0 0 6 2] r©3^0i©^*ft««*K«fc*Jvv-c 

*fM!c3 1 ©±^^<— ^fg«3 2 SrJfcfifcU .*<0±.\z.$g, 
1 31* ^^fg^3 3i ,.®2x* 7 ^SI«3 32 Sr^fife 

I3i* 3 x ©JbtdSlx* y * tg® 3 5 ^ 

JBfifcU JB2315 y^«*3 3 2 0±fc*23:5 
S3 52 SrJ&ifcU f 1x5 y^lH^3 3i t$2x? 

•y?ffl$.3 3 2 ©Fa'J©^— ^fg^t3 20±i:^S-'<- 

[00 6 3] iOSt*«Oi|y»i|E3tm«E»»110» 1 x 

m>M 3 5 x iS2x* y*%M3 5 2 cDP^t-^E 

3 2©>'<>r-Kdf^«/7 F x4;/i.dfS:j@^5jK5(p3th v S: 
AM-rst. 3 2fct? • E7LM* 5 ^$ 

x* y ? 3 5i ig2x^ -yy-nrnz 5-2 (OffllzM 

iJSff 5*i, iiftttO^S. ; — ^®^13 6 &S5itt"Ct'» 

•Sfcfe, Six* yj>WM3 5i t^2x?s/?iS3 
5 2 ©M*»t)AW-t-5n*3th vi fcioT, 

[0 0 6 4] ~ £0^5 '-^^^r^mtt©^ 

[0 0 6 5] ^©^^©^^-^-^^3 6I±, * 

KT'fctvtfSt), ^5 — «-^*S3 6SrttE©ii5t^ 
[0,0 6,6) ^©HI£<5iJ©^^>tll^^S 
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2 ©ifcJlEJttt©^ 5 — «-**fii 3 6 *Ktt5 ~ 1 
'*ROM£fltofc1-?> 5. ^ ©4: ? ft-v** R 

r OM@^©til $SSrK^-fc*-r r. # 

[0 0 6 7] (fteXffiftl) E9 9tt. *6%1K0!I©¥« 

Sllta^i'Wt, 3 2tt'«-^«*, 3 3itt»l 
3 3 2 (i^23Q~ y^^ s 3 4(i=>U 
?#mM. 3 5\ itmi^i -y^WM. 3 52liB2 3i 

5 vfmMs 3 6fi^5 — <-*m@-cfc3 0 

[0 0 6 8] r©3Bfc«©^*3te««»il11fcfcV*T 
(4, B7tS%Ufc¥*#3t**»K«ilR)*»c, =>u* 
*tigi£3 1 ©ifc'*— 3 2 SrJgjfcU -t©Jtfc» 
l^^-y^ffl^cSS! , ^23i$ 3 2 £J&j£ 

1^5 s/^ffi^c3 3 i <D±\Z-W, 1 ivy^SSa 5 !?r 
JgfifeU I2xt y^i«3 32 W±l:f2x? j»*S 
I3 5 2 fcJBjjjtU y*W&3 Z\ t^2i; 

y f 'm®. 3 3 2 ©f^l©^— ;*®Jjc 3 2 ©Jhte#5t©ftg 

i3 6?:MLTV^ 0 
[0 0 6 9] 'r. ©£tt&|©^fl:ftttKtM£B©ft 1 ^ 

5 y * ^1® 3 5 i i^2^i $ j/^'tffi3 5 2 ©MttSE 

5i i|2x? y ^|;i3 52 ©^©SiilESfctta ^ . 
* I c*8tt4r£Hi-3i 5. 
[0 0 7 0] Sfc. r©l&tte!l©¥**%mK&£1I* 

©^<-*tIJ&3 2©±K:te£©i£g©3fc£jgj|i3ii:3 7 

■iast?#5-***ROMfc«Wti-S;ia:jiST*5. ;l© 
-^^^ ROMI-, ^5 — *«®3 6Srj8j@1-fciKg 
©ftt, i©«*ifi#*fc***©3fcfcj^ttK:lS*t1- 
SrtCict, 1 O©-?*;? ROM(C4oTg&5tt 

s — i-*^g3 6 t LT. #£©j&ft©}t£ri@i®£-tir 

[0 0 7 1] (JR 7 JOSW H 1 0 fi. ffi 7 3S1SBJ©* 

T, 3 1 f4= I'**®®. 3 l c (4=> h 
nSi$, 3 2I4"<-*SMK, 3 3 14 ^ 5 y 3 3 cl 

(4^ 1^5 -y*^^**? hm®. 3 3 C 2l4m 2 5 y 
H€S$> 3 4f4=> i'* 3 5] 14311 

i^fl, 3 5 2 y*©l®3 6(4^J:-'< 



[0 0 7 2] roHlS«f!l©*i»fr«3t*«tw*s^-ctt» 

- nllnGaAs (J?£ 3 0 0 n m, . 5 X 1 0 18 c 
m-3) ^b'i^H^v^ htS^3 l c <D±\Z y 
nllnAlAs (f^OOnni, 1 XlO^c 
m -3) 4>b45 3 V**««3 1 fcjfcjfc U ^©itCp 
MI n G a A s U?£ 70nm, 5X1 0 19 c m -3 ) i» 

As (ffS2 00nm, 3 X 1 0 18 c m~3) t^hta 5x 
>o ^^W3 3?rMU -tWitnll nGaAs 
(J¥£ 2 0 0 nm N 5X10 19 cm -3 ) A^/i5^1x 
5 y h«#3 3 c it'^2at> y^a^^ J. 
0^3 3 c2 S:»J5!cU - ^^99^99 htRig.3 l c 
Cr/Au (f$ 20/300nm) A^^S^I^^^ 
^&3 4S:^U Ilx> 5-^3V^^ MRi$3 3 C 1 
(dig H; 7^113 5i SrJ&fcU ^2x?^av 
h«*3 3 c2 K:3(S2 3i5 ?*ttffi3 5 2 

[0 0 7 3] i©3*ftW©¥*fr#«*iM*«fc*s^-c 

20 f4. M 1 = 5 s/^Sffi35i . f 2xij-^^i3 52 

fcfcfe>:Ilx*5/^iS35i , |2ii j/ * MM 3 
5 2 SraUT3th vSr«*H-Sii:iS-C#4.-»^o« 
•ft©3fc&igi@i-3ttSr&*^3*tt*2:'LT.. I nSnO 
S^N'g I n 2 O4 ^<D^t*^/v^^f B Srffl^Sr itf 

■flE©A#fcm*e*H4fc*-*-fc*. r©3afi«©S9i« 

so [0 0 7 4] m 8 Sm^J) Ullli, 18 HMSfflJ©* 

X. 3 3»*3iSy^ffl«. 3 3 c ll4^1^5 y9^^y^ 
*"MME. 3 3 C 2iiS2xv 7; ?3^^hW, 3 7 
1 tt»l.=.5 y^§l#mu», 3 72 14^2^5 5/^51 

[0 0 7 5] iWSIlt«iJ©^*#3t«aElftiK«fc*S^-C 

f4, 3i5 5/^®^ 3 3©±©, f = h 

?l«3 3 c iil2x* j/^ny^^ F?Wgi3 3 C 2> ©± 

« .3 c i©*SI»fcJBl3;5 y^3l#aU*Sl3 7i 

5-y*3l#mU»3 72 tfSttSfl/O'S. ' 
[0 0 7 6] ^©S«fi«©**#*m«»»IHC*5^T 
(4« JJlx«y^3^^h«J(3 3 c iiS2iSy^ 

=>^^^ h?B«3 3 C 2^ -y^mi$.3 3^ilL.T. ^< 

■ h vfc^-^/gfc^jicAIH-a c©* 
-^(-(4. m 1 ^ i v 5 => ■? hm®3 3 cl im23i5 
hffl«3-3 c2 © 3 Ftt«»»«*^iS5< UT 



(9) 
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[0 0 7 7] (Jg9HJ£0i|) H12»4, W,9ni&m<D* 

t, 3itt=f*#flWs, 3 2fi'<-.*W*. 3 3i tt .- 
JSUi^W. 3 3 2 ttJI2*Sy^««. 3 41* 
3 3 5i I4»'l*5 -3 52 tt* 

2^5 y*W&. 3 8tt#JIK$tlK"?fc3. 
[ o o 7 8 J r ©jasw©¥*#**a£iMS1tfc*sv*T 
tt, =l/^^ii|3 1C±I:'<-^3 2S:^U 
*©±fc«l*5 ??g(tt3 3i , jR2iSy#«3 
3 2 &7&£U =^^«31l: t #JB* s Alt3fchv to 
(Dl/4ft*<OJi:$^^'i-?) InAl As|/I nGa 
A 1 A s &8JBJYMBSUT, -tOJ6ft©3ttC«i-5*Ji 
S»«3,8*:»J«b-C'<-^«I«3 2fc£tf«*fc7T 

■fc»j«U »l = 5y*«#3 3i fcJBr^Sy^mS 
3 Si «U J2iS-^W3 3 2 W±l:l2x 

[0079] r©¥*##«aE*isiifc» ^-^««3 

2 K^j/T^^/i^E g S:j@*.3JgigCD3teh v 

3feh v©£:£*©Mfc^-*«*3,2;fcfctt=»i'**« 
i£3 1 &**<5-r. itJ:o-C3t«Se*Sib*fcl«a±-r 

[0080] mi oni£0ij) a i 3 ; h i 4 jb l. 

(A) ~ (E) »4*45:R1»03i*-rt'^ < >KSr*bT 
V3„ ^©EHc^T, Ei lif lx^y^®^ E 2 
f4JB2atS Bri"*— Cttau*** 

ett*^ h.ttlETU VEittJBl^? 
ffi. V E2 l±^2x$ y^^©l&fi)5. so 

[0 0 8.1] mfccoElfi, r<75HS£Fi|£0^#)tS^ 

10 0 8 2] JBl©*t1« (0<V E i<Ve2 hvil) 

(13 1 3 (A) #fi8) 
JI5l=5y^««Ei omttVEii:J82^S y^fll«E 
2 ©ffifirv E2 $ri: fefcjEfcU §? 2 ^ 5 *$gi$E 2 © 
WfcV E2 &*1^5 J/#««Ei ©*{£V E iJ:9Si< 40 

l^i. "C-^fiMtBfctt-T-e -lEJLh.as 

££&v*fc«> = I c Kt*fEixfcv\, 

[0 0 8 3] m2<D#.ffii (0<V E1 «V E2 .hvfcO) 

(013 (B) #BB) 
Ilxij/^iigcEi ff>Sfi£VEi£^2^5 j/*fH#E 
2 cDSfirV E2 &£ fclcIEfcU |2i; y^E 2 © 
«firv E2 «:JBi3:S y*««Ei <0«fikV El J:9«< 

r<D#JgT'l± v ftCD.BBJtlCfcoT^— ^.?^B(cm^ e so 
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©ffi«^-*#i£b*t^* o T 6 W^-^flWK B Iw^W 
Six, fg^e li^m^roKx v->^r>»v©^iBlc Ufctfo 
■(a ^fR^Clc^tbU- su^^HSftl coffin 

[0 0 8 4] ff!3©:fct§ (0<V E i«V E2 hv^) 

(0 1 3 (C) #JB) 
$1^5 y^««Ei ©®fifcV E1 i3S2iS; y*f|#E 
2 <DmfirV E2 S:t tt-iElCL, JB2x5y^««E 2 © 
mftrV E2 &Sill^5 y^fiRKEi- (^mfiEVEiJ; 9«< 

yfmi&E! *^Bfc&A.$*l,fc.f£ : ?-e;4S=J 
[0 0,8 5] ^4©« (0<V E i«y E2 hvttVf) 

cm i..4 (d) #$) 

JR l-3iS y^.TOEi.O«ttV E ii:*2i5-r/^««E 
2 ©?SfiiV E2 «r£'M-jEfcU--^2 3:5 y*®«E2 © 

[0 0 8 6] roftfig-Cli, 3tWR8ltS:aE»fUTV5. 

■gfiEVE^Bi^fctf), ^-^.^BcOffim^^rCOjETL 
^*45fcft*2x* y^««E2 cO^m^om^ 

Ei IciaASixfcm^-e^^-^^BSriioT^ 

[0 0 8 71 JT5«?!WB <0<V E i<Ve2 hvjg«»f) 

(114 (E) #HS) 
*i:*5y#flHftEi ©«tfcV E ii:iB2:tS 2/#«8E 
2 ©«ttVE2*i tlwiEICL. JB2x*y#|mgE2 © 
«ffcV E 2«:5&l *5 y^ffi«Ei ©ttffiV E i J: 0 
^ y^««Ei comfiIV E itCfi< , ^23i5 

y^-«H«E2 ©^mflffc^r-^SMEBWflMtHlfas— » 

[0 0 8 8] ^cDifcfgT'l*, JtcORB.ItSrJg^rL-C^S^. 
ftm^ • IE?L»©«4tttt< . JB2x* y ^ffl«E2 © 



17 

[0 0 8 9] ^(D^5CD«^5rH^,i--5W*s. =>U-^;? 
flE£A±©^tt*«rK-^ , U-C, 5 y * W&OfcZMBi* 

[009 0] CJK.l l XttOT) jR l 05lit«K*sv^x 

«\ 2-3©ii ^^SrWi-5ME-HBTirtJVN-C, il 

-fAffi LT. ■ y E«5e«WfO«-?*S'<— 
B offl«?-#fcy< v MS] F v^/vt?# 5ft5S&#£3im 
LT^'f yfy/^iSllU *>o, i©ME-HB 

(HBT) •■«aSr'fri-5**flc*«*»ag«lc*S : 

[0091] Hi5»±, ftftQ^tftfcmK&siiosi. 

fHK91Bh?*>9, (A) ~ (C) »±J|/j;5tt«03i^A' 
[0 0 9 2]. roHli, mi lHJE^JcoltrSt^S, t£ 

[0 0 9 3] ^1 ©jfcJB (hvftU (B15 (A) # 

fig) 

#B©R5©l$g!S s «i^fc«>= i-'^IIiftl c licfcJxft 
v\> • 

[0 0 9 4] m2CD«fl| (hvfcD) (il 5 (B) # 
fig) 



(10) 

4 o T v * 3 *|B« B 3ft $ 

3V -<-^lli^B©m^e(r»1-5/-Kx>-> 
- ^/W^Ti 5 5fcfe, ^5 y$W&Efrh'<—* l m$.'2>\Z. 

5. 

[0 0 9 5] g3<Z>tt!£ (h viK) (B15 (C) # 

fi8) 

5.- 3fc©JHIt«:aE»ri-.5fci!>, 

— ^fctfBWflWJ-llffcSflSfu ^-^S)SB©*f 
W^uriSTtf* 9, x> y*f^Ea»b><— *fB#Bfc 

zo [ o o -9 6 ]. B i 6 tt, * l iHi£^Iro^^7tS^m 
»«©»flstW!ia-?*>5. (A) ~ (C) ilA^S^flt 

(O^^v^/O K&^LT^S. CKDEUjUoVT, EH 

hf±jETLT*fc"5o-' 
[0 0 9 7] ^i£0«ffi (hv/il) (Ull 6 (A) # 
fig) 

^<— XfWsKBlcfth v SrfiSttL^l^-g-rci^/i.^ 
30 f e -:E?lh#»j5fc*iv*\ 315-y^ffWEt^-^fll 

[0 0 9 8] I2©« (h vfcD) (016 (B) # 
RH) 

^5 y*«#Ei=u**ffl«C©*ttfc-t©**»J:i; 
S„ rro^fi§t?tt, 3t©flHitfc.fcoT'<--;*tB«Bfc* 
^ditt^^oTi^^-^fiHWBOffim-T-fftSS!* 

[00 9 9] I3©« (hvli) (H15(C)# 
BS) 
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1"5/K?-;'i/*yl'®*B#*£<fc!> » 3:5 */*fgt£E© 

[0 10 0] (mi 2*J£0iJ) Ell 7f4> 811 2||Jfc0i| 

fcl^T, 3 0 tt*£fetlH$&K. 3 1.i »4» 1 3 «^ 

t£, 31 2 lif 2 3^^, 3 1 c il±Il = ^? 

..=> * MKtt. 3 1 c2(±^ 2 a * ^ * Mi 

i^;. 3 2li^-^ia. 3 3 j. HgSl^5 s/*®# s 3 
3 2,f4*.2-:*5 34! HJ& 1, a 

3 4 2 (if 2 ?V^^lS,v3 5i (iB 13:5 

« v . 3 5 2 ttJB 2 3 9 H#Rt$gi&-C*> so 

5. 

[oioi] ioMP)©^!^^^ s/^SESlcis^ 

Ttt> f ^ttlffi 3 0 ffl±t > nICf 1 ^ ^ □ . 
^^^>®«3 l c i > :l23l'^^3y^^ MM&3 1 
c2, nS©^l3i/^^i^E3 1i-, I2 3U^^. 
31 2 > niC<-^3 2, 

^^ny^? h-£S®3 l c i^l = U^^m®3 4i 
J]&£U $23.l'^3y^^ Kfg«3 l c 2tl2 3l^ 
**«ft3 4 2 4r»J*U f 1^5 y*WB3 3 X KJB 3» 
13:5 y^mM3 5j -^2x5 s/*ffl«3 3 

2 Jc:Jfl23:5 y*Wf 3 5 2 «r»J*U 3*13:5 
g35ii!2x5 ?^SS3 52.4:^-?-^»-b'Cpl! 

[0102] Cl<D^-g\ I n G a A s / I n A 1 G a A 

s *'***t'» Ut 11 p a^«*i L-X B e , cwtzm 

• a A s T-»*/.e < , I n G a A s X'ffi$tfrZ> Z t^^St 

[oi.o3] z<ox otrn'Mn^mzyt^J ?fgfi© « 

^l3L5y^m®3 5i i!2xi y?m,ffi3 52 Wfcl 
1B1&3 li t|23U^«3 1 2 fc»U mi 3 1/ 

**m®3 4.i tm2 => u-^^nii^3 4 2 rorawmjji»c 

[ 0 1 0 4 ] • ($ 1 3 Sttffll) Blfltt. mi 3 JlJSff'J' 
Jol^T, 4 Oli^Jfe^ 1 n PStS. 4 1linIInG, so 



a A s/<y77i, 4 2 C finS I n G a A s P V-?-? 
aX#^ hi. 4 2linll nA lAs^^^i, 4 
3lipII nGaAs^i. 44linSl nAl A 
sx^^ltfe!). EOi tt¥3HM6ft3S«\ O 
Ei , OE 2 ■ »±*j»fls*^*JftiSB'X?*>5. 
[010.5] wOSOSWO^flsJt^W y^-««»C*JV^ 
Xtt. fffeSI4lnPlS4 0O±l;, nilnGaA 
sAy77l41, nSjnCaAs^l'^^y^ 
H42 c , nSInAl As3^^i42, pf I 
nGaAs'<-?l43 1 nil nAl AsxJy^l 

^-v^L-CJ&SS*, ££Efi<?3:5 jy U 
UVV.mMC £3:5 y^m+lESr^L-T, S i 

eoi t. m4H^!)^v>L.mi onjsfi»j©-fsijx*»io 

OE 2 ?-WLt^5. 
[0 10 6] rro^ttftS^&gBOEi tt ? 

fif» 2o©x $ v * ttffroMpmiifEgfcK: J: o T 

m«fb»- j: o -c **t* mi* $ 
§ftsioE2 ©x; y^mMt^^^ ^.nM<om<D 

MM, *>3^tt3:5 j/*f^i = u^^tEffiroKI<o«8E 
SrW-rS- iiaotx^ y^-^iZ-f-S- td s T*t 
<5o 

[0 10 7] i©HJ(t«©^flc#^-f y^SS*-*^ 

^e«Lx. '^*5tm«!iftKiioEi t*i»*3ttmae 

[0108] ($14 HJ£0iJ) IS 1 9 11, 114 

*JV>T, .4 0 fi^jfelStt I n PSfi,. 4 1 finSi I n G 
aAs^5'77l, 42 c .linlInGaAs3U?^ 
3>-^^ hS. 42linIInAlAs3l/^?l.-4 
SliplInGaAs^-^i, 44l±nIlnAlA 
>y?mx-h<9. EOi f4¥*#*jt»ll. O 

e x , oe 2 »4¥*fc3t«iE*ss«-r*>a. 

[0 10 9] C£D^Jfe^(D^fr^?llHl?S^S^i=t> 

Tii, m i 2 mm,mkmm\Zs 1 n pats.4 o 

<D±\C^ nM I n G a A s'<y7-7f§4 1 « nl 1 n G 
aAs3U^3^ni42 l .; nllnAlAs 
3W^I42, pfl nGaAs^-^143, n 52 
I nAlAsi; y 4 4 SrigSK LTj&S nS! I 
•nAlAsx-;^i4 4SrjltRWI-3Q3' < ? L V^LTm 

tiffiC 1 3:5.s/ ^.m^ESrJK^t fH 1 HlS^J<f ^ L 
» 3 |£»«©<"Jtb*» 1 o03*3fflc*3tiSSEOi t % 
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[0110] ronit«i©i|t*fls3t«aigis««fca3^' 
»{*3t«aE«asfioEi » **flc*«je»aiiioE2 © 

[oil i!:o«*, ^fls«*»«EOi *»e>*a 

Ei £¥WttMI£a£BOE2 fc:;MM-aJ:$fc*o 

^nSl n A 1 A s = U**JI4 2 t nl I n A 1 A s 

[011-2] (mi smmm 02011 mi smmm 

*5V^Tv 4 Ott^ffifftft I n PSS, 4 1l±nIInG 
aAs^'/7rl, 4 2 C UnSl nGa As 

42ttnIInAlAs3^^1 > 4 
SlipIInGaAs^i, 44l±nSlnAIA 
si^?I,.45 W:$Ni«*-T?*> *).,EOi fi¥## 
OEi . OE 2 »±¥*f*3te«M«SB-C*>. 

[0113] £0£;tttt0¥*{*%&ftiiiBi£Bte:*s<'' 

Ttt. mi 2 3HS«£RH*fc. ¥J6MH$I nPl«40 
<D_h^ nIInGaAs/<'/77l,41, nSlnG 
aAs3U^3^ni42 c , nilnAlAs 
= H#S42, pSlnGaAs^-^143, nl 
I nAl Asx5 5/;?i44S:agLt*ftU nil 
nAIAsi? y$mA 4 SriiiRlftt::^ y^-^V Ltl 

tSC fcjts y^«ffiESrJ|gj«U *!SB©Mfca!3MI 
S»©5Ftt**>5V^H:»B*r-f *^AUT^«IH1*4 5 

©¥^I«SEOi fc. gUimytti^Lff 1 OH 
*0iJofirix-*» 1 o^±w¥##tt®^l&£ttO Eit, 

[0114] r.©*lfc0!l©¥**^te*«l^B«Bu:*s^ v 

til ¥««MB%SBEOi **8cfcbi-5*lwJ:o-C. ¥ 
SMMfctMESHSBOEx . ^**^fiilOE 2 9 
^5 y 9%Mk => is? ?n, , i&<o?$<vMrM. foswi^ s 
y # Bffi i: = u- ^ # Bffi© Pfl©«8IE SrfPJ»r 5 r 4: ic J: 

[0 1 15] Z(Dtgi&. ^^JtSIBEO! A^SfcttJ 

Ei i**flE*««»36BOE2 liAW-*"5-J:5l-<to 
T^4fc«>, #«B©ffifi-eoSita*S:iS«i-5ri: 



(12) 
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^nllnAIAs 3Vf^l4 2in!lnAIAs 

[0 116] r.oHl(60!©iN»flc3tjfc«iaisat 

B©**UHI&±©IMl-e < -f3 r t #V£ 

5. 

10 [ 0 1 1 7 ] _ (js 1 6 HI 2 in us 1 6 SIJEtfiJ 
©¥»flc**«iaHisiB«>«iattMia-e*>5. r©iafc 

fcV^C, 4 0lif«I nP3l«,--4 lttnSl nG 
aAs/<y7rS, 4 2 C linl I n G a A s 3 \s9 * 
= 42linSinAlAs3U^^I > 4 

3IJpS I nG a A s^-^g;' 4 4ttnl!! I n A 1 A 
sx^j'^S, 4 5 tt^BISUS-efc 9 , HBT \±-^/Vf- 
•zc$ y^^fo^hy^^, EOi (i¥sg#3§}t 

■ sb. oei . oe 2 &*m&%w,&mm&xibz> 0 

[0 118] rcDHiS^J(0^*7fe^p8SSS»-*5^ 
20 I I 2H^!lt |^«^, I n PS&4 0 

©±K, nil nGa As^y77f4 1 » nSl'nG 
aAs3U^^=i>'^^ H4'2 C ,'nSl n A 1 A s 
3^fi42, pSl nGaAs'<-^g43 > nl 
'I n A 1 A s xi j/ ^g 4 4 SrlfiLTMU, nil 
nAlAsx; ^l4 4 5rI»xyfy^Ltl 
#StB03i-5 y U SI: 3 vyf> 

1 MiK* ^ •< t VftA UT^iffl« 4 5 

30 BTt, JBl38*«*v^LSB3iafi«oi^1'ix*»iofc 
Ktt3*T,fc¥3HttB*«BEOi i, SUSBMSfc^L 
tB 1 0 SflfcflSOftHxa* 1 ■o«±»c|B«$ Jxfci|ii»flE3t« 
*JftKBOEi'i, ¥«{*3fc«%&&BOE2 

[0 119] r©Xtt0y©¥*tt%AfRiaBl$Bi:::l3b' 

ior«»**b5^a»iM83t*BEOi ##ffli-53fcte 
iot, ¥*#3te*«*8fiOEi , 

HOE2 ©^5 v9W&b => u**flHS©[ffl©©5fE, h 

[0120] r ^%fls«%siEOi 

Ei t^^7tm^^SOE 2 fc7JWi"<5J:9fci-3 
T^-Sfcft, «-KB©*ffiT©R4ta*Sr<5;»-r5ii 

l>nSl nAlAs3U;?^^42i:nSl n A 1 A s 

-1: 5 j/^^4 4 T-i*tp- 1 ^x^xytz^-^m^m c 

• so [0 12 1] tLT, wOHft0l|O¥«V#3ti*|RlB]KSl 
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[0122] (jg i mmm) 02 2 »±, mi 711*09 

tS^T, 4 Ott^Jfegtttl n PStg., 4 llinSl nG 
aAs>-<y77Jf» 42 c linSl nGaAs^l/^ 
= V^£hJ5i. 42linIInAlAs3U^l > 4 
3fipH nG a A s^<— 44l±niInAl A 10 

s 3i $ y*m. 4 5 v . o swu^* 

^-fyfgf, H B T tt^/vfs 5 y ^ h 
7><J*9. EOi tt¥8M«B3te»11» OEi , OE 2 

[0123] roiat«o*i»{*3t*«iaBiisin-*sv % 

Xl±> i l 2&ft0!lfclRl4KK:* ¥tfe*&l nPSS4 0 
©±»C, nil nGaAs/^7714 h.nSI n G. 
aAs3^^3^ni42 c , nSlnAlAs 
3U^i42> pSlnGaAs^-^143, nl 
I nA 1 Asx? y.#S4 4SragjtUT**L» nil 20 
nAlAsi; •7^I4 4S:ITOl:i5'^i;Tl 
St**. 5 y*«««r#tlU ? 

SrTI&fSU-C, JB.-1 l^0Sfcreft£ftfc¥i»{tote:*-f y 
fglOSWi> -v/wf 1 5 '7 ^ ^-r n b 7 y v?^ 

fHBTt. mi mmm* ^ US 3 HJ£0<J© v N-f *u&» 1 

oJ;i|E«£;h,fc¥*<«6*i£llEOi fc, f4H»])i 
ivLH OHjffi^J©{?I^lo^±{c:fE«$tifc:^fls 

3t«ae»»«oEi ^**3t«**as«o e 2 £m 30 
[0 12 4) ^©lotwo^aiflcitiiaiHiBfiiifc*^ 

m^^^SO E 1 . 2MM*3fcttK%3£ftO E 2 ©^ 5 y 

[0 12 5] **flt*3tKKEOi i»5»ttda 40 

Ei i¥**jte*£»»«OE2 fc.Mti-3.fc 5 fcfco 

ft 5 ^- K=¥-v y:/**** 

^nSlnAIAs^ U^*J14 2tnSl nAl As 

^14 4-c#EtfiifcJ;o-C3tSr'<-^«lwSBi: 

[0126] tit, ^o*tt«©*«fr3t*sria»ifi 
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Brom^lfilBS-hcoiSftS *S?r*^ < - £ 
5. 

[0 12 7] 

[*«©«*] fiJLhKB&LfcJ: 3fc» .#389!};: J: 5 £ , 

V T fc. <fc 9 ia*J$ft* f?Dl-5 r i 'fc J: 9 iBSI 

5:i^T'#5t it>fc, •7;vfi5y^"sfoS^< 
•*/K— 7 h7V^^ (ME-HBT) flfjffcLT. 2 
otA±©3i * y * raJ-mteM^^'ft, • * b IE, r. ©31 *■ 

s-efc'j**** y r k&m&ik* \ y t<d 

[0 12 8] £bfc, ^— *««#*»fc:3l*ffi$;lx* 
I ">M ErHBTKioT, A#fc^&*Tf:3 

imi] *^^©ME - HB TS¥ift«*^f ^1 

tm 2 1 *»w©ME-HBTa^#*maE**iio. 
wa«wBi-c*>9. (a) iiWfffim> (b) uttfm^ 

[H3] » i ^ifcwoiMiffjsjtssEowdiiftwiaT?*) 

So 

■ [BO 5] JB2**W©i|iaKMS3tSEllo»5ftxa»WH 
•C*>9, (A) ~ (C). tt*Ig«r5*LT«^5. 
[1216) »33»*«l©iMffl£«3tK«0«J«ttWia-T?*> 

5, . -. 
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